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GENERAL SYNAMICS 
Commurcial Launch Senicas 


This updated Atlas Mission Planner's Guide presents new information on the performance capabili- 
ties of Atlas. Higher performance ts now offered as a result of a successful development program 
and an ongving enhancement program. A greater range of vehicle configurations and performance 
levels is also offered to allow a closer match to customer requirements and to lower cast. The per- 
furmance data is presented in sufficient detail for preliminary assessment of the General Dynamics 
vehicle family for your missions. 


This guide includes essential technical and programmatic data for preliminary mission planning and 
preliminary spacecraft design. Interfaces are in sufficient detail to acess a first order compatibility. 
A brief description of the Atlas vehicles and the launch facilities is also given. See the companion 
Atlas Launch Services Facility Guide for spacecrait processing and launch services at Space Launch 
Comples 36. 


This guide ts subject fo changes and will be rewsed periodically. In propasals ur specific contracts, 
baseline information will be says and updated to ) aduiress specific customer pragram te- 
quirentents. 


For further infjunmatiun please contact: 


Me. Robert C. White 
Direcior of Mavketing aad Business Develupment 
{619) 296-4020 
FAX (619) 496-455 
Geatral Dynamics Commercial Lanach Services 
$444 Halboa Avenue, Suite 200 
San Lrego, California 92123 


of the Atlas G/Centaur vehicle. It is designed to fly 
with the large payload fairing (14-foot diameter), 
which increases the payload volume to accommo- 
date today’s larger spacecraft (Figure 2). 


Atlas I] builds on the Adlas I configuration to pro- 
vide increased performance capability. Atlas ll up- 
grades include increased bo. ster engine thrust, and 
lengthening of the propellant tanks. ln addition, a 
new state-of-the-art guidance and navigation avion- 
ics suite, the inertial navigation unit (INU ,, has been 
added. 


Atlas HA is similar to the Adlas [ except that the 
Centaur’s Pratt & Whitney RL10 propulsion system 
has been uprated and the avionics has been up- 
graded with the addition of the remote contrat unit 
(RCU). 


CENTAJRENGAES = 
UOUED ONVGEN TERK 


we 


Atlas TIAS is similar to the Atlas SIA except for 
the addition of feur (Castoz IVA solid rocket motors. 


SPACECRAFT ACCOMMODATIONS 

General Dynamics offers two payload fairing configu- 
tations and seven spacecraft adapters (five with sepa- 
Tation systems) to accommodate a wide range cf 
spacecraft requirements. Figure 3 illustrates the enve- 
lopes for both the lange payload fairing (LPF) and the 
medium paylwad fairing (MPF). Both fairings are 
compatible with each of the Atlas vehicl: configura- 
tions, 


The Type A, Al. B, BIC, C1. and D adanters pro- 
vide industry standard mechanical interfaces (Figure 
4). Each adapter may be used with any of (he pay- 
load fairings and Atlas vehicles. The separatian sys- 
tems provided with the standard Type A. Al, ‘BL 
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and D adapters are similar, Each separation system 
consists of a clamp band set and separation “pring. 
to give the necessary separation energy after the 
clamp band is released. The Type C and C1 adapters 
provide bolted interfaces for spacecrafi-provided 
adapters or mission-peculiar requirements. Section 
4.1 defines the specifics for each interface. 


ATLAS AND CENTAUR HERITAGE 


Atlas and Centaur have played a major role in the 
U.S. space program since the iaurch of the world’s 
first communications satellite (SCORE) on Atlas 
10B in December 1958. Some of those historic events — 
include: 


e First American in orbit (Mercury) (Atlas 109D) 


er mn ere ee © First iaunch of a liquid hydrogen stage (Centaur) 
paplocd fairivas. ¢ First lunar mission ae 
686 R. 
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© All United Siates planctary missions launched on 
ELVs (Atlas and/or Centaur). 
* The 500th Atlas launch, in 1991 (Atlas 53E) 

As launch vehicle needs have changed, Atlas vehi- 
cles have evolved to meet the new mission require- 
ments. Figure 5 illustrates some of the specific 
vehicle configurations flown over the years. 
RELIABILITY 
Atlas space launch vehicles flown primarily with 
Centaur and Agena upper stages have a demon- 
Strated .cliabitity of 96% (123 successes out of 128 
iaunch attempts). 

Cent ar L-1, flown since 1973, has an outstand- 
ing 96% success reoard (43 successes out of 45 flight 
twials,. 

‘The current family of Ailas/Centaur launch ve- 
. hiews nas a democnsirated relishilite of 94% using 
the widely sccredited Duane methodology. 
~ COMMERCIAL LAUNCH SERVICES 
Genetal Dynamics Commercial Launch Sexvires of 
"tvs a full launch service, from spacecraft integia- 


tion, processing and encapsulation, through launch 
operations and verification of the orbit. Our launch 
service includes: 
a. Launch vwehick 
b. Launch operations services 
c. Mission-pecuiiar equipment design, test, and 
production 
d. ‘Technical integration and interface design be- 
tween the launch vehicle and spacecraft 
Program management 
Launch facilities and suppost provisions 
PPF and HPF facilities 
Spacecraft suppurt at CCAFS 
i. Mission program management 
j. Validation of spacecraft separation sequence 
and orbit 

k. Range safety interface. 

We provide administrative guidance and assis- 
tance, when necessary, for import‘expart licenses, 
permits, and clearances from government and po- 
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The General Dynamics Commercial Launch 
Services organization provides a singse point of con- 
tact, the mission manager, to the customer. The mis- 
sion manager is respousible for program 
development, integration through launch, and con- 
tract completion. The mission manager chairs key 
meetings and reviews, and participates in milestone 
events at the launch site. He works closely with his 
Atlas vehicle manager counterparts. Figure 6 shows 
the interface management concept. 

Launch vehicle and mission-peculiar design and 
development, as well as technical integration and 
management, are accomplished in San Diego, 
Califosnia. 

Lausch operations are performed at Cape 
Canaveral Air Force Station (CCAFS) Flovida 
(Figure 7). Payload processing is normally per- 
formed at the Astrotech facilities in Tituavibe, Flov- 
ida (Figure 8). NASA and USAF facitities at 
Kennedy Space Center and CCAFS are available, if 
required. The launch operations manager directs 
the General Dynamics teum during spacecraft proc- 
essing and launch. Cusiomer/spacectaft on-sile pes- 
sonnel work directly with the mission manager and 
launch operations team. 


All government agseensents required for coat 
mercial launches have been approved. The Kennedy 
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Space Center and Cape Canaveral Air Force Station 

agreements covering payload and Atlas launch ve- 

hicle processing facilities, services, and range sup- 

port are complete. 

ADVANTAGES OF SELECTING ATLAS 

Our Atlas vehicies ane scivices provide the follow- 

ing key advantages: 

1. Dedicated launch pad to ensure commercial 
launch sclicdules and maintain commitments 

2 Single-payload manifesting to ensure launch 
service dedication and responsivencss 

3. Amature launch service, in both Launch opera- 
tions and vehicle design 

4. An experienced team that has launched over 40 
conununications satellites 

5. Moderate payload launch environments (shock, 
vibration, acoustic, thermal, etc.) that are gener- 
ally lower than those of other launch vehicles 

6. Mission design fexibility demonstrated in a di- 
verse array of mission types, including nwet U.S. 
planetary missions and numerous goustalionary 
transfer astii missions 


7. Flexible mission design capability provides 
maximum spacecsalt on-o1lit lifetime through 
propulsion sysients 
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1*¢ THE ATLAS LAUNCH VEHICLE 


1.1 DESCRIPTION 

The Atlas launch vehicle system consists of the Alas 
boaster, the Centaur upper stage, and the payload 
fairing. Figure 1-1 gives a summary description of 
Atlas subsystems and characteristics. 

ATLAS — Atlas was originally developed by the 
US. Air Force as an intercontinental ballistic mis- 
sile. Easly in development, Atlas made the transition 
to become a versatile and highly reliable space 
boosicr. John Glenn made his historic flight on this 
vehicle. It has since undergone a series of improve- 
ments, including tank lengthening, engine perform- 
ance increases, and system modernization. 
CENTAUR — Centaur was developed as the world’s 
first high-energy, liquid oxygen-liquid hydrogen pro- 
pellant stage. Since its first launch, it has gone 
through several performance and reliability up- 
giades, particularly in the areas of electronics and 
software. 
42 ATLAS MAJOR CHARACTERISTICS 

The Atlas booster is of thin-wall, fully monocoque, 
corrosion-resistan siainiess steel const: uction. The 
fuel tank, which contains RP-1, and the oxidizer 
tank. which contaitis liquid uxygen, are separated by 
an ellipsoidal intermediate bulkhead, Structural in- 
teyrity of the tanks is maintained in flight by the 
pressurization system and on the ground by cithez 
internal tank pressure or by application of mechani- 
cal stretch. 

The Ailas booster is controued by the Centaur 
avionics system, which provides guidance, flight 
control, and vehicle sequencing functions. An exter- 
nal equipment pod houses Allas systems including 
Atlas flight’ termination, propellant utilization, 
paecumatics, and ingtrumentation, 

Atlas booster piupulsion is pruvided by either the 
Rocketdyne MA-5(Atlas l)or MA-SA (Allas IL. ILA. 


IAS) engine system, which includes the sustainer. 
two vernier (Atlas 1), and ons booster engine (t.'0 
thrust chambers). All engines are ignited prior to 
liftoff and monitored untii 70% thrust is achieved, 
after which a controlled release occurs. 1ne booster 
engine package is jettisoned during ascent and sus- 
tainer-powered flight continuzs (“sustainer phase”) 
until propellant depiction. 


Solid Rocket Booster (SRB) -- The Atlas IIAS uses 
four Thioxol Castor IVA SRBs. This motor was se- 
lected based on its performance and the excellent re- 
liability record (99.96% success in over 1,790 flights) 
of the Castor solid motor family. Each Castor IVA 
SRB is 37 feet long and 40 inches in diameter. Two 
ase ignited at liftolf and the remaining two are air-tit. 


Structural modifications required to attach the 
SRBs include a redesign of the Atlas thrust section, 
an increase in Atlas skin gauges, and the addition of 
an attachment ring in the fuel tank (see Figure 1-2). 


The Atlas is integrated with the Centaur vehicle 
by the interstage adapter. This aluminum skin/ 
stringer frame structure provides the structural link 
between the Atlas and Centaur vehicles. The Adlas 
vehicle is separated from the Centaur vehicle by a 
pyrotechnic flexible linear shaped charge system at- 
tached to the forward ring of the interstage adapter. 


13 CENTAUR MAJOR CHARACTERISTICS 
The Ceataur prapeant tanks, like those of the Atlas 
lower stage, are constructed of thin-wail fully nouo- 
cogue, cosrdsion-resistant sizinless siecl. Centaur 
employs high-energy liquid hydrogea and liquid 
oxygen propellants separated by a duuble-wall, 
vacuum-insulated intermediate bulkhead. Tank 
stabilization is maintained at all times by either 
inteinal pressurization of application of mechanica! 
stretch. 
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Figure 1-2. dias. WAS vehicle. 


The stub adapter and equipment module are at- 
tached ty the forward end of the Centaur. The stub 
adapter is bolted to the forward ring of the Centaur 
tank and supports the equipment mwdule, payload 
fairing, and spacecraft adapter. The equipment 
module attaches to the forward ring of the stub 
adapter and provides mounting arrangements for 
the Centaur avionics packages and the spaceciaft 
adapter (Figure 1-3). 

Ceniaur avionics packages mounted on the 
equipment module provide control 2t sronitwving 
of all velticle functions. The inertial navigation unit 
(INU) performs the inertial guidance and attitude 
control computations for both Atlas and Centaur 
phases of flight and also provides cunttol for Atlas 
and Centaur tank picssures and propellait use. 


Centsur RLIO Engine — The Centaur upper stage 
wilizes two Pratt & Whitney RLIO engines. The 
RLIGA-3A on an Atlas I and Atlas Il is rated at 
16,500 tb thrust. The RLIQA-4 on the Atlas IIA and 
Aitzs HAS is rated at 23,500 Ib (91.1 KN) thrust with- 
out an extendible nazzie, and at 20,900 [bf (92.5 KN) 
with an extendible nozzie. The erigine is a gimbalied, 
wrbopump-fed,  regenezatively oouled. —single- 
chamber rocket engine consisting of a fixed primary 
nazzle and an optional secondary extendible nozzle 
(Figure 1-4). The extenditte nozzle provides en- 
hanced engine performance through an increase ia 
expansion fatio. 

1.4 PAYLOAD VOLUME 

The usatte payload volume is dependest upon the 
spacecraft adapter and payload fairing employed. 


-GSBO10SSS-13 
Figure 1-3. The spacecraft is mated to the Centaur upper 
stage via ax adapter attacked lo ihe equipment module. 
Numerous payload compartment arrangements ate 
available with the Type A through D spacecraft 
adapters and medium and large payload fairings. 
1.4.1 PAYLOAD FAIRINGS — The payload fairing 
protects the spacecraft from time of encapsulation 
through atmospheric ascent. The Adlas user has a 
chwice between the large or medium payload fairing 
configuration. 

For either falving, a thermal shietd or acoustic 
blanket can be added should the spacecraft requise 
more benign environments. If additional payload 
fairing wlume is required, General Dynamics has 
investigated lengthening the large payload fainng 
(reference Section 7.4). 

Both the large and medium fairings are discussed 
in greater detail m Section 4. 

1.42 SPACECRAFT ADAPTERS/SEPARATION 
SYSTEM — The spacecraft is mounted tu the 
launch vehicle using a spacecraft adapter. The Type 


i-4 


A. Ai. B, Bl, and D adapters employ a pyrotechnic 
V-band clamp system. Adapters and separation sys- 
tems are discussed in detail in Section 4. 

Each Atlas vehicle configuration is compatibie 
with each of the payload fairings, adapters, and sep- 
aration systems. Because of structural and propul- 
sion system differences between the vehicle 
configurations, there are minor differences in space- 
craft environments. A summary of vehicle structural 
compatiblity and the differences in environments is 
provided in Table 1-1. 
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Figure f-4 EvtendiNe nasties wad haphey rust provade ad: 
ditional performance. 


Table 1-1. Spacecraft common accommodations for the Atlas farnily. 
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2* ATLAS MISSION DESIGN AND PERFORMANCE 


Over the last three decades, the Aifas and Centaur 
stages have flown togetiver as the Atlas/Centaur and 
with other stages (e.g., Atlas/Agena and Titan/Uen- 
taur) to deliver 2 varety of commercial, military. and 
scientific payloads to their target orbits. Based on 
our experiences with over S00 Atias launches. per- 
tormance for each launch vehicle is determined by 
engineering analysis of developed and new hardware 
with emphasis placed.on conservative performance 
prediction to ensue cach vehicle meets design ex- 
pectations. With Atlas [ and Ailas Hi operational. 
and Atlas LIA nearing its initial launch capabiliy. 
engineering estimates of Atlas family performance 
capabilities have been revised to reflect flight 
qualified hardware performance characteristics and 
our improved knowledge of developed hardware. In 
addition, several whicle enhancement options are 
now being developed under canteact. With this in- 
formation, Ailas fantily performance offerngs have 
born iayhuwd and expanded. Thide 2-1 dlustrates the 
new porlogmnance capabitites af the Adis faatily. 
Whe standard GTO perturmance option provides 
a teduced performance level by constraining the 
mitsion design to a Mandard ascend peutic. 


The custom performance option. provides a per- 
formance level that is slightly higher than in the pre- 
vious Mission Plananer's Guide. 

The Block | perfurmance option provides a sig- 
nificant increase in performance through an uprate 
of the Centaur propulsian system and a series of ve- 
hicle structucal and software enhancements. 

As suggested by the table, Atlas is capable of tie- 
ing launched fram Cape Canaveral Air Force Sta- 
tiee (CCAFS) in Flarida and is now pisnned to be 
launched froin Vandenberg Air Force Base ( VAFB) 
in California, This section further describes Atlas J. 
HL ITA, and HAS mission and performance options 
available with a Florida jaunich. Additional atssion 
and performance data with hunch from VAPR is 
provided in Section 8 of this document, 
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Atlas ts a reliable and versatile launch system, capa. 
ble of delivering pavloads to a wide range of how and 
high carcular arints, etliptical transfer orbits, and 
Earthescape trajetariea Esch Atlas launch ve- 
ticks. available with either a medium (MPP) oe large 
payhaad fairing (LPP) is dediwated t a single pay 
load The tragechiey Cesign for cach mtissnnr is 
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specifically tailored to optimize the mission's criti- 
cal performance parameter (maximum satellite or- 
bit lifetime, maximum weight to transfer orbit, etc.) 
while satisfying satellite and launch vehicie con- 
straits. 


Atlas mission ascent profiles are developed using 
one or more Centaur upper siage main engine burns. 
Each mission profile type is suited for a particular 
type of mission. 

Direct Ascent Miss!-iss — With a one-Centaur-burn 
mission design ihe Ceataur main engines are ig- 
nited just after Atlas/Centaur separation and the 
burn is cotinued watil the Centaur and spacecrait 
are placed into the targeted orbit. Centaur/space- 
craft separation occurs sivortly after (he burn is com- 
pleted. Direct ascents are primarily used for low 
Earth c‘scular orbits and elliptic orbits with orbit ge- 
ometries (i.c.. arguments of perigee and inclina- 
tions) easily reached from the launch site. Orbits 
achievable with little or no launch vehicle | .w steer- 
ing aad those that can be optimally reached without 
coast phases between burns are prime candida.es 
for the direct ascent mission design. Atlas/Ceniaut 
has previously own 15 missions using the direct as- 
cent design. 

Parking Orbit Asccat Missions ~— Paraing orbit as- 
cent, used primarily for geosynchronous transfer 
missions, is the most wideiy used Atlas trajectory 
design. Performance capabilities are based on two 
Centaur burs injecting Centaur and the satellite 
into 2 iransfer orbit selected to satisfy mission re- 
quirements. The first Centaur -yurn commences just 
after Atlas/Centaur separation and is usec’ to inject 
the Centaur/spacecraft into a mtission perfonii- 
ance-optimal parking orbit. After a coast to the de- 
sired location for transfer orbit injection, the second 
Centaur main engine burn provides the impulse to 
place the satellite into the transfer and/or final orbit. 


If targeted to an elliptic transfer orbit, the satelite 
then uses its own propulsion system to achieve the 
final mission orbit. Missions requiring circular finai 
orbits wiil use the second Centatr burn to circular- 
ize the satellite at the desired altitude and orbit 
inclination. Fifty-eigh. Auias/Centaur R&D end op- 
erational missions have flown using the parking 
orbit ascent mission profile. 


2.2 ATLAS ASCENT PROFILE 

To familiarize users with Atias and Centaur mission 
sequences. information is provided in the following 
paragraphs regarding the direct and parking orbit 
ascent mission designs. Figure 2-1 shows sequence 
of events data for a typical parking orbit ascent mis- 
sion. Tabie 2-2 shows typica: mission sequence data 
for each Atlas vehicle for a typical geosynchronous 
transfer mission. This data is representative; actual! 
sequencing will vary w meet the requirements of 
each mission. 

2.2.1 BOOSTER PHASE —Atlas can de launched 
at any tine of day to meet spacecraft mission re- 
quiremenis. At tiftoff, the buoster ascent phase be- 
gins with ignition of the Rocketdyne MA-S/MA-5A 
engine system and, for Atas IAS. the first pair of 
Thiokol Castor IVA solid rocket boosizrs (SRBs} 

During the short-vertical rise away from the pad. 
the vehicle rails frem the launch pad azimuth to the 
appropriate Might azimuth. At a vehicle-dependent 
altitude between 700 11 (215 m) and 1,000 ft (MIS a). 
the vehicle begins pitching aver into the prescribed 
ascent profile. Ai approximately 8.000 ft (2438 m). 
the vehicle enters a nominal zeso pitch and yaw 
angle of attack phase to. minimize aerodynamic 
wads. . 

For Atlas HAS. the first pair of SRBs bur out at 
approximately $4 seconds into flight. Ignition of the 
second pair is governed by structural haading pa- 
rameters. First pair jettison occurs when range safe- 
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Figure 2-i. Tygucal Allas ascent profiie. 


Table 2-2. Typical GTO mission launch vehicle sequence deia. 


Event (time in seconds) Ailes | 
Guidance Go- inertia) -14.0 
{at SRB pair ignition (Alias WAS) -- 

Litof? tr Ks] 
1st SRB pair bumot (1AS) - 

2d SAG pair ignition (AS) -- 

tot SAB pair jettison (RAS) -- 

2nd SRB pair bumout (WAS) -~ 

2nd SRB pair jettignn (WAS) -- 

Atias booster engine cusoll (BECO) 155.9 
Booster package jettison (BPJ) 189.0 
inaulation panels jettison (Atias 1) 180.9 
Payload fairing jettison (PFJ) 2219 
Atias susteiner engine cusott (SECO) 265.8 
Atas/Cantas Separation 2678 
Begin extendible nozzle deployment (ILA, LAS) -- 

Centaur main engine stat (MES?) 278.3 
Centaur main engine cutol (MECO1) 590.3 
Stast qurn to MES2 attiate 840.3 
Centaur main engme start (MES2) 1440.3 
Centaur main engine cutcll (MECO2) 1533.4 
Stast alignment 1 eeparation attitude 1535.4 
Bagin spinup 1590.4 
Seperate spacecraft (SEP) 1675.4 
Stat turn to CCAM atttude 1794.4 
Centaur end of mission 3058.8 


ty parameters are met. The secoad pair is jettisoned 
wo seconds after burnout. 
storically, a nominal zero total angle of attack 
been maintained for Atlas/Centaur missions 
am 8,000 f (2438 m) through booster cngine cutoff 
BECO). General Dynamics is implementing an a!- 
pha-bias avgte-of-attack steering profile late in the 
booster phase. Atlas ILA missions will use this al- 
pha-bias steering technique from approximately 
80,000 ft (24 390 m) through BECO to further reduce 
giavity and steering losses. 

Booster staging occurs when the desired axial ac- 
celeration is attained. For Atlas J, Ul. and ILA GTO 
missions, BECO typically occurs at an axial acceler- 
ation of 5.5g. For Atlas IIAS, BECO occurs at 5.2 g. 
Eastier staging for reduced maximum auial accelera- 
tion and/or optimum mission design is easily ac- 
complished with minor associated changes in 
performance. The booster phase steering profile is 
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1472.8 1456.0 1421.0 
1578.9 1541.3 1517.4 
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16729 1635.3 1611.4 
1753.9 1716.3 1602.4 
1813.9 1776.3 1782.4 
$5522 9513.4 3490.7 
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implemented through our launch day ADDJUST 
wind steering programs, which enhance launch 
availability by controlling wind-induced flight loads. 
Following jettison of the booster engine and asso- 
Ciated thrust structure, fliglit continues La ike eus- 
tainer phase. For Atlas I, the fibergiass insulation 
panels are jettisoned approximately 25 seconds after 
BECO. Sustainer engine cutoff (SECO) occurs 
when all available sustainer propellants are con- 
sumed. Selected atmospheric ascent data from lift- 
off through first upper stage bum accompanies the 
performance data for each launch vehicle at the end 
of this section (see Figures 2-7, 2-10, 2-16, and 2-22). 

For typical Adas missions, the payload fairing is 
jettisoned prior to SECO, when 3-sigma free molec- 
ular heat flux falls below 360 Btu/ft?-hr (1135 W/in?). 
For sensitive spacecraft, payload fairing jeitison can 
be delayed later into the flight with some perform- 
ance loss. 


2.2.2 CENTAUR PHASE — Centaur main engine 
start (MES or MES) occurs 10.5 seconds after the 
Atlas stage is jettisoned. For direct ascent missions, 
the Centaur main burn injects the spacecraft into 
the targeted orbit and then performs a series of pre- 
separation maneuvers. With parking orbit ascent 
missions, the Centaur first burn (typically the longer 
of the two) injects the spacecraft into an elliptic per- 
formance-optimal parking orbit. Following first 
burn main engine cutoff (MECO1)}, the Centaur and 
spacecraft enter a coast period. During the coast pe- 
riod (approximately 13 minutes for a typical geo- 
synchronous transfer mission), the Centaur 
normaily aligns its longitudinal axis along the veloc- 
ity vector. Because typical parking orbit coasts are 
ef short duration, most spacecraft do not require 
special pointing or roll mancuvers. Should a space- 
craft require attitude maneuvers during coast 
phases, Centaur can accommedate all roll axis align- 
ment requirements and provide roll rates up to 
LO + 05 degrees per second in cither direction during 
nonthrusting periods. Greater roll rates can be eva- 
luated on a mission-peculiar basis. Prior to second 
Centaur burn main engine start (MES2), the vehicle 
is aligned to the ignition altitude and the engine start 
sequence is initiated. 


At a guidance-calculated start time, the Centaur 
main engines are reignited and the vehicle is guided 
to the desired orbit. Upon reaching the target, the 
main engines are shut down (MECO2) and Centaur 
begins its alignment to the spacecraft separation at- 
titude. Centaur can align te any attitude for s¢ 
tion. Preseparation spinups to 5.0 + 0.5 rpm can be 
accommodated. 


After Centaur/spacecraft separation, Centaur 
conducts its collision and contamination avoidance 
maneuver (CCAM) to prevent recontact and mizi- 
mize the contamination of the spacecraft. 


2.3 PERFORMANCE GROUND RULES 

Atlas performance ground rules for various mis- 
sions with launch from Cape Canaveral Air Force 
Station in Florida are described in this section. 
2.3.1 PAYLOAD SYSTEMS WEIGHT DEFINI- 
TION — Performance capabilities quoted through- 
out this document are presented in terms of payload 
systems weight. Payload systems weight (PSW) is de- 


dined as the total mass delivered to the target orbit, in- 


cluding tee separated spacecrefi, the spacecraft-to-launch 
vehicle adapter, and all other hardware required on the 
launch vehicle to support the payload (a payload flight 
termination system, harnessing, etc). Table 2-3 pro- 


Table 2-3. Performance effects of spacecraft-required hardware. 
Pestormance effect of paytoad edapter mosses (1b (kg)]: . 


Typea iype 8 Type C 
105 (48) 109 (49) $4 (25) 
Type at Type Bt Typeci 
193 (51) 130 (59) 51 (23) 


Type 0 
143 (65) 


Performance effect of other spacecraft-sequired hardware (ib («g)]: 


Standard PUF Acoustic PLF themma) 
Package blanicats 
18 (7) 25 (#1) 6 (4) 


Standard package consists Cf fight tiurminaicon sysiem (FTS) on Centaur plus two standard access 
Goons, @ ne-radialing antenna, snd a customer logo on te payinad faring 


Gther hardware: 


Centaur hardware aXects performance ai 2.2 ib (1 kg) mass 0 2.2 Ib (1 kg) performance ratio 
Oe ee ~ 19.8 © (9 ky) mass to 2 2 ib (1 KQ) performance ran) 


mean 
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vides weights for our standard payload adapters 
(see Section 4.1.2 for payload adapter details). Data 
is also provided estimating the performance impact 
of various mission-peculiar hardware requirements. 
As a note, performance effects shown are approxi- 
mate. The launch vehicle trajectory, spacecraft 
mass, and mission target orbit can effect the per- 
formance contributions of each mission-peculiar 
item. 

2.3.2 PAYLOAD FAIRINGS — All performance in 
this document is based on use of the 14-ft (4.2-m)- 
diameter large payload fairing. GD also offers an 11-f 
(33-m)-diameter medium payload fairing, Higher 
performance is available for those payloads that fit 
in the medium fairing. Performance gains are ve- 
hicle configuration and trajectory design-depend- 
ent, but for GTO missions the gain is approximately 
300 Ib (135 kg). 


For spacecraft that require greater volume than 
the standard large payluad fairing, a 3-ft (1-m) 
stretch to our large fairing has been evaluated. Per- 
formance will degrade approximately 150 Ib (65 kg) 
with its use. Figure 2-2 illustrates the three fairing 
options. Additional information appears in Seciion 
74. 

2.33 LAUNCH VEHICLE PERFORMANCE 
CONFIDENCE LEVELS —- Atlas missions are tar- 
geied to meet the requirements of cach user. Histuti- 
caily, Atlas and most U.S.-launched missions have 
been designed with a performance confidence level 
of 3-sigma (99.87%). With the flexibility of Attas/ 
Centaur hardware and flight software, performance 
coufidence levels can be set based on the require- 
ments of each mission. The minimum residual shut- 
down (MRS) performance option, discussed later in 
this section, takes full advantage of this concept. All 
data in this document, with the exception of the el 
liptical transfer ozbit performance data, is based on 
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the 3-sigma confidence level. That is, performance 
shown will be attained or exceeded with 2 99.87% 
probability. 

For the elliptical transfer orbit data, General Dy- 

namics has baselined a 99% confidence level per- 
formance reseive. Because many of today's 
communications satellites can benefit from reduced 
launch vehicle confidence levels (and the associated 
nominal performance increases), minimum residual 
shutdown data is also discussed. General Dynamics 
will respond to any desired performance confidence 
level requirement needed by the user. 
2.3.4 CENTAUR SHORT-BURN CAPABILITY — 
For low Earth orbit (LEO) mission applications, 
Genera} Dynamics has evaluated the launch vehicle 
requirements for short-duration Centaur secoad 
burns. With missions requiring short-duration sec- 
ond burns (15-30 seconds), minor hardware and se- 
quencing changes may be required. Propellant 
residuals will be biased to ensure proper engine pro- 
peilant inict conditions at main engine start. Cen- 
taus main engine burns as shozt as 15 seconds are 
STRETCHED LANGE 


© Mb (ity 18 (- By 
+-G3.8010685-148 
Figure 2-2. Alias payloud fairing options. 


possible. Ail performance data shown using short- 
duration burns include the performance effects of 
hardware and sequencing modifications to Centaur. 


2.3.8 CENTAUR LONG-COAST CAPABILITY — 
A Centaur extended-mission kit is currently in de- 
velopment to support long-duration Centaur park- 
ing orbit coasts, Coasis of up to 90 minutes in 
duration are manageable, constrained by helium 
pressurant and hydrazine RCS propellant capaci- 
ties. The long-coast kit consists of a larger vehicle 
battery, shielding on the Centaur sft bulkhead, addi- 
tional helium capacity, and an additional tiysraane 
bottle. Performance estimates using long parking oz- 
bit coasts include the effect of an extended-mission 
kit. See Section 7.2 for additional details. 


2.3.6 HEAVY-PAYLOAD LIFT CAPABILITY — 
The Centaur equipment module and payload adapt- 
ers have been optimized for geosynchronous trans- 
fer missions. Tb manage the larger payload masses 
Aulas is capable of delivering to low Earth orbits 
(typically greater than 9,000 Ib (4000 kg), two heavy- 
payload interfaces have been identified. Figure 2-3 
illustrates the interfaces with associated perform: 
ance penalties. In both cases the user must account 
for the mass of a spacectaft-to-launch vehicle adapt- 


er in addition to the stated performance penalty. See 
Section 7.3 for additional details. 


2.4 GEOSYNCHRONOUS LAUNCH MISSION 
TRAJECTORY AND PERFORMANCE 
OPTIONS 


Through Centaur’s flexible flight software. a number 

of trajectory designs are possible. Depending on the 

mission requirements, the total satellite weight, the 

dry mass to propellant mass ratio, and the type of 

satellite propulsion (liquid or solid) system, one of 

the following trajectory design options will prove op- 

timal. 

¢ Geosynchronous transfer (and reduced inclina- 
tion transfers) 

© Supersynchronous transfer 

© Subsynchronous transfer/perigee velocity aug- 
mentation 


Figure 2-3. Heavy payload wuerfaces 


Figure 2-4. The geasynchronous transfer orbit mission trajectary profile. 


2.41 GEOSYNCHRONOUS TRANSFER ~ The 
geosynchronous transfer orbit mission is the stan- 
dard mission design for communications satellite 
launches. Figure 2-4 illustsates the orbital missioa 
profile involved. The transfer orbit inclination 
achieved depends upon launch vehicle capability, 
satellite Launch mass, and the performance charac- 
teristics of both systems. Based on the performance 
of the current Atlas family and cnhanced capabili- 
ties of today’s liquid apogee engine (LAE) subsys- 
tems, General Dynamics is finding that a 27-degree 
inclination is optimal for maximizing satellite begin- 
ning-of-life mass given an optimally sized satellite 


impulses of current LAEs have resulted ta a shift in 
optimum inclination fram 26.5 to 27 degrees. With 
satellites weighing less than the GTO capability of 
the launch vehicle, excess performance car bs ned 
to further reduce inclination ur raise perigee. 
Akhough the GTO design is intuitively the stan- 
dard launch option, single-payload manifesting al- 
lows tne option of alternate designs that can extend 
geostationary satellite lifetimes, Supersynchronous 
transfers, subsynchronous transfers, and other mis- 
sion enhancement optims can enhance lifetime with 
satellites that use common sources of liguid propel. 
lant for both oxbit insertion and oavorbit station- 


propulsion system. The 30D-plus secoad specific keeping, 
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2.42 SUPERSYNCHRONOUS TRANSFER ~ 
The supersynchrenous trajectory design offers an 
increase in beginning-of-life propellants by mint- 
snizing the dalta-velocity requited of the satellite for 
orixt insertion. The Atlas injects the satellite into an 
intermediate transfer orbit with an apogee well 
above geusynchronous altitude. If the apogee alti- 
tude capability exceeds the satellite madmum allow- 
able altitude, the excess igusch vehicle performance 
can be used to lower orbit inclination. At supersyn- 
chronces altitudes, the decreased inertial velocity 
allows the sateilite to make ortit plane changes moze 
efficiently. The satellite makes the plane change and 
raises petigee to geasynchronous altitude ia one or 
tore apogee burns. It then coasts ww perigee and cir- 
cularizes into final geostationary us bit, The total dei- 
ta velocity in this supersynchronous transfer design 
is less than would be required to inject from an 
equivalent periormance reduced inclination geo- 
synchronous transfer, resulting in move satellite pro- 
pellants available for on-osbit operations. Figure 2-5 


illustrates the supersyschronaus trajectory mission 


profite. Table 2-4 quantifies the potential mussion 
gains with the supersyachronous mission for a 6.078 


Ub (1850 kg) satellite. The Atlas E/EUTELSAT 
(AC- 102) mission launched 7 December 1991 suc- 
cessfully used the supersyachronous transfer opti- 
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Figure 2-6. The subsye<-onaus traaifer ork misgon mrupectory profile. 


2.43 SUBSVNCHRONOUS TRANSFER/PERI- 
GEE VELOCITY AUGMENTATION ~~ The poz- 
igse velocity augmentation (PVA) trajectuzy design. 
compared with the standard GTO design. can pro 
vide increased propellant masa at beginning of life 
Gu geostationary orbit. This is beneficial when pro- 
pellant tank capacity is large with respect to the dry 
mass, The Atlas delivers the satellite to a subsyn- 
chronous intermediate transfer orbit (apagee less 
thas gcosynchronous) Witt an inclination of approx: 
tnasety 27 degrees because the satellite weight ex- 
ceeds the GTO launch capability. The separated 
satellite coasts w subsequent transfer orbit per- 
- igee(s), where the satellite supplies the required 
_Gsta-velocity for insertion into geosynchronous 
transfer. At apogee. using one or more burns. the 
sstellive lowers inclination and circulazizes into geo- 
slationary usbit. As illustrated in Table 2-5, mass at 
beginning of life is enhanced. The orbit profite is 
shown in Figure 2-6. 
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244 MISSION PERFORMANCE LEVEL Pill- 


LOSOPHY ~ As Table 2:1 ustrates, General Dy- 
namics has expanded the performance offerings far 
the Ads family of Launch vehicles. With development 
of our Blick { performance enhancement package 
snd the curseat family of vehicks, mutupte perfona- 
Fawie 3:5. Misses bemefits 4 sibtynckronasis inaasie 
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ance levels ase availaiie. In addition, GD can also 
meet performance requirements by customizing (or 
standardizing) the mission and trajectory designs to 
meet specific mission desires. ‘T> meet evoiving com- 
merci: satellite enission Launch requirements, GD in- 
tends to offer performance capability levels (as 
opposed to explicit hardware configurations} as past 
of its standard commercial launch services package. 

Besides offering stated performance levels that 
afe assiciated with each vehicle. other performance 
requirements can be met in several ways. With sate!- 
lite missions that may require ess performance than 
2 specific configuration may offer, additional mis- 
sien constraints will be employed that will use excess 
performance to benefit the launch services custom- 
er, Ascent trajectary designs can be shaped to in- 
clude coverage of the Centaur ceoand bum and 
spacecraft separation from Ascension Isiand track- 
ing station as apposed to pre-posilioning advanced 
range instrumentation sitcraft (ARIAL The ascent 
profile can be standardized to reduce migsion inte- 
gration analyses amdow schedules. These options 
can allow a more cost-effective solution for cases 
ebhere mado while perfummance is act required. 
Standard GTC Performance Option — The stan- 
dard GTO performance option is a highly coa- 
siszined vertion of the reduced performance 
concept. The standard GTO mission is, as stated. 
coustisined to be @ gouwsynchroncus transfer mis- 
sign using a standardized atmanpheric ascent pro- 
file, As Atias is currently integrating satellites from 
taosi of the world's manufacturers, integration snaly- 
603 Can be limited to those that are required tw sup- 
Custom Performance Uption — The custurn per- 
formance bevel aptian is chascly related tw the per- 
fatmance levels quoted ia the previous issue of this 
guide. With the first flights of Atlas I and Ailas IL. 


the upcoming launch of Atlas HA, and continuing 
development of Atlas IIAS, portions of unallocated 
design reserves have been relzased for mission use. 
The Custom version of Atlas LIA and Atlas IAS will 
nominally use the Centaur RLIQA-4 engine. Uili- 
mate vehicle configuration, given the expecied pha- 
se-in of enhanced hardware, will inevitably depend 


on timeframe of proposed launch and specific per - 


formance requirements. 

Block { Ferfor.nance Option — The Black | per- 
formance option is currently on contract far Ailas 
HAS, and primarily involves an enhancement to the 
Centaur RLIOA-¢ engine system, Thrust rating and 
specific impulse are uxzeased. The enhanced sys- 
tem is designated the RLIOQA-+-1 engine. This en- 
hancement alone accounts for move than a 130 ib (60 
kg) increase in performance for GTO missions. tn 
adilition, seven-degree cant mre Castor IVA 
SRBs will replace the current l-degree cant air-ht 
par. A set of other munar enhancentents (weight te- 
duction, sequencing inprovenats) compkeie the 
Block 1 pavkage. 

Several of the upgrade ude contract for Athe 
1EAS aie also directly applicable to the Atlas SA ve- 
hicke and are being incavporaied. The Black 1 pack- 
age is available to suppast a 1993 lauawh capability. 
3S MISSION PERFORMANCE DATA 
Detailed perioemance curves are provided. for cach 
faunch vehicle. at the end al this seetion. Data is 
shown for several types of lauach sussons and 


“based on our current estimate uf each vehicle's hifi 


capabsity. The performance giound fules are shown 
on cach cuive and additiona! information i pie 
vided in the following paragraphs 

As a nite, because of the limited number of Atlas 
} vehicles, performance daza shown in this dacu- 
ment is limited to gowayachronous itansfer elliptical 
orbit capabiliues. This data is shown primary te i- 


fustrate the flight-verifica capability of the vehicle 
and to provide a point of reference for the Atlas I] 
family of vehicles. 


25.1 ELLIPTICAL TRANSFER CAPABILITY — 
The optimum trajectory profile for achieving ellipti- 
cal transfer orbits is the parking orbit ascent. Atlas 
performance capability for 27-degree inclined orbits 
is shown in Figures 2-8, 2-11, 2-17, and 2-23. The 
27-degree inclined orbit missions are launched at 
flight azimuths that have been approved and flown 
for many missions. The 27-degree inclination is 
near-optimal for geostationary transfer missions. 
The Centaur second burn is executed near the first 
descending node of the parking orbit (near the equa- 
tor). Furformance is shown for both the 99% confi- 
dence level and minimum residual shutdown 
(MES). Tabulaz performance data is prawvided in 
Tabies 2-9 through 2-12, at the end of cach launch ve- 
hicle performance data section. 

For some missions, an ascending node injection 
into the transfer orbit may offer advantages. The 
performance degradation and missioa constsaints 
associated with this mission type need to be ana- 
lyzed on a mission. peculiar basis. 


23.2 REDUCED INCLINATION ELLIPTICAL 
TRANSFER CAPABILITY ~ The inclination effect 
on payload systems weight capability for a geo- 
synchronous transfer orbit design for inclinations 
between 29 and 2) degrees is shown in Figures 2-4, 
2-12, 2-18, and 2-24, Performance degrades as incl- 
nation drops below 28,5 degrees in pant because the 
launch vehicle instantancous impact point (IF) 
trace is coastrained by range safety requirements to 
remain a minimum of 150 simi (278 km) aff the ivery 
Ceast of Africa. This requirement dictates that yaw 
steering be implemented in the ascent phase to meet 
range safety requirements while also attcmpiing to 
wwer park orbit inclination toward the desired 


transfer orbit target value. The remainder of the in- 
clination is completed with yaw steering in the Cen- 
taur second burn. Data is shown at the 9% 
confidence level and minimum residual shutdown 
for iansfer orbit apogee altitudes of 19,324 nmi 
(35 788 tan) and $3,996 smi (100600 km). 


2.5.3 EARTH-ESCAPE PERFORMANCE CAPA- 
BILITY — Earth-escape mission performance is 
shown in Figures 2-13, 2-19, and 2-25. Centaurs hez- 
itage as a high-energy upper stage makes it ideal for 
launching spacecraft into Earth-escape trajectories. 
Performance data shown uses the parking orbit as- 
cent design and a neat-planar asceait to an orbit that 
contzins the outgoing asymptote of the escape hy- 
perbola with 5 ~ NiO-sccuamd coast time between the 
upper stage burns. The reference performance 
curves were developed using a 180-degres arguunent 
of perigee target, and cousi times reflect this con- 
Siraint. The actual coast time necessary to achieve 
the desired departure asyenptote will be determined 
by specific mission requirements. Our quiied per- 
formance assumes that }-sigma (99.87% canfidence - 
bevel) flight performance reserves die held. 


Additional performance data is shown far an ap- 
tional vehicle coafiguratioss that uses Ube parking or- 
bit ascont design with s third siage, a dear-opiimun 
size satid propellant arbit insertion stage (DIS, the 
Thiokol STAR 48B (TEM-714-18) motor. This ve- 
hicle configuration is advantageous for missions 
that require a very high-cnergy Barth departure, 
cases ln which vehicle staging effects make it more 
cfficiont for a third stage to provide an additional 
energy increment, The reference periontuase mis- 
sion was targeted sisdlarly to the no-ONS case with 
the STAR 45B burn accursiag just afier Cenisar/ 
STAR 488 sepavation. This vehicle configuration is 
simitar to the STAR 37-based Atlas configuration 


flown for the AC-27 and AC-30 Pioneer 10 (F) and 
Pioneer 11 (G) missions. 

2.5.4 LOW EARTH ORBIT CAPABILITY — Atlas 
can launch payloads into a wide range of low Earth 
orbits from Cape Canaveral using either the direct 
ascent or parking orbit ascent mission pzofiles. LEO 
capabilities typically require heavy-payload modifi- 
cations. 

Direct Ascent to Circular Orbit — Figures 2-14, 2-20, 
and 2-26 show circular orbit payload systems weight 
capability to LEO using the one Centaur burn mis- 
sion profile. The maximuin capability available is 
with planar ascent to a 28.5-degree inclination orbit. 
As shown, inclinations from 28.5 degrees up to $5 
Gegrees are possible with the direct ascent. Given 
known range safety constraints, direct ascent per- 
formance to inclinations greater than 55 degrees are 
mot possible duc to land overflight constraints up the 
eastsn seahoard of the United States and Canada. 
Direci ascent peformance to reduced inclination or- 
bits (down to ~22 depress) are alsa possible, but at 


the spense of substantial performance dus to range - 


as {ety everilight consisaiats aver the ivory Coast af 
Afvisa. | | 

Direct Ascent ta Eiligtion§ Orads — Figures 2-14, 
220, and 2-26 alsy chow elliptios! arbit performance 
capability using the disect sscunt with gerigee ala 
tude at 390 nai (185 knw). Similar range safety and 
orbital mechanics gunginsins timit inclinations 


_avaRable with a Flozida launch. 
‘Parldag Orbit Ascent to Circular Geb ~ Payload 


delivery to low-altitude circular orbit can be accom: 


_- plistied by two or move upper stage buents. The fisss 


sion kit. The second Centaur burn will circularize 
the spacecraft into the desired orbit altitude. 


Circular orbit performance capabilities for alti- 
tudes between 160 nmi (30) km) and 1,000 nmi (2000 
km) are shown for each vehicle in Figures 2-14, 2-20, 
and 2-26. Data is shown for 28.5-, 55-, and 63.4-de- 
gree inclinations. With high-inclination orbits (incli- 
nations greater than 55 degrees), range safety 
tequirements require that Adas meet instantaneous 
impact constraints up the eastern seaboard of the 
United States and Canada. Additional inclination is 
added in the later stages of the Centaur first burn 
and with the second Centaur burn. As desired orbit 
inclination increases, performance degradations be- 
come more pronounced. High- inclination orbit per- 
formance capabilities are further discussed in 
Section 8. 


255 INTERMEDIATE CIRCULAR ORBITS — 
Performance data is shown in Figures 2-15, 2-21 and 
2-27 for altitudes between 5,000 nmi (10 000 kin) and 
11,000 ami (20000 km). Similar ground rules apply 
to the intermediate circular orbit data as to the LEO 
cirewar orbit daia excem with respect to heavy pay- 


"baad requirements. The lower performance capabili- 


ties: associated with the higher energy circular 


 malgsions should allow use of standard payload 


Centaur bura is used to inject the. titaur and pay. 


igee altitude ef 69 nani (M3 kan) is assuined for cur 
reference cases. Expected parking orbit cozst dura- 


dons will require use of the Centaur extended mis- 


_ koad into an elliptic parking orbit. A park aarbit Aes 


adapters. 

2.6 MiSSION OPTIMIZATION AND 
ENHANCEMENT 

Allss trajectory designs are developed using a de- 

taited iitegrated twajectory simulation executive and 

2: state-of-the-art optimization algorithm (sequen- 

tal quadratic programming, SQP). The optimiza- 

tion capability shapes the trajectory profile from 

diol thruugh spacecraft injection into final orbit. 
The SQ? program uses up to 50 independent de- 


sigh variables chosen to maximize a performance in- 


218 


dex and satisfy specified constraints. Typical contrel 


variables include boost phase initial pitc!: and roll 
(launch azimuth) maneuvers, Atlas sustainer steer- 
ing, and Centaur steering for all burns. in addition, 
space vehicle pitch and yaw attitudes, ignition times, 
etc. can be included as part of the total optimization 
process. The optimization program is formulated 
with up to 49 equality and inequality constraints on 
variables such as dynamic pressuse, tracker eleva- 
tion angle, and range safety. 

With General Dynamics’ experience with launch 
of interplanetary and scientific spacecraft, an addi- 
tional trajectory analysis tool is available to assist in 
N-BODY trajectory simulation program is used, in 
cuncest with our optimization capability, in the devel- 
opment of launch vwhicle missions requiring precision 
inertial targeting in which perturbation effects of other 
celestial bodies are required to be considered. 

These trajectory analysis tools, along with our ex- 
tensive guidance and targeting capabilities, enable 
Atlas to optimize the mission based on spacecraft 
characteristics. The most widely used mission ea- 
hancement options are as follows: 
® Inflight retargeting 
¢ Minimum residual shutdown 
® Explicit right ascension of ascending node 
2.6.1 INFLIGHT RETARGETING — The software 
capability of the Centaur upper stage makes it possi- 
bie to evaluate Alas performance in flight and thea 
tasget for an optimal injection condition that is a 
function of the actual performance of the boaster 
stage. Centaur can be cetargeted to a vaziable trans- 
fe; orbit inclination, apogee. perigee, argument of 
perigee, or any combination of the above. Inflight re- 
targeting can provide a dual performance benefit. 
First, the nominal launch vehicle fight performance 
reserve (FPR) is reduced when the FPR contribution 
due to Atlas dispersions is eliminated. Second. wheth- 


o-1$ 


er Atlas performance is high, nominal, or low, the re- 
targeting logic is calibrated to devote al] remaining 
propellant margin to benefit the mission. With inflight 
retargeting, any desired level of confidence of a guid- 
ance shutdown can be implemented. Inflight retar- 
geting was successfully executed for the Atlas 
IWEUTELSAT II mission. 


2.6.2 MINIMUM RESIDUAL SHUTDOWN — 
Centaur propellants may be burned to minimum re- 
siduals for a significant increase in nominal per- 
formance capability. When burning to minimum 
residuals, the flight performance reserve (FPR) pro- 
pellants are eliminated to nominally gain additional 
delta-velocity from the Centaur. 


It is practical for Centaur to burn all its propel- 
lants when the satellite has a liquid propulsion system 
that is capable of correcting for variations in launch 
vehicle performance. This option is particularly at- 
tractive and appropriate when the trajectory design in- 
cludes a supersynchronous or subsynchronous (PVA) 
transfer orbit. Satellites using solid propellant (fixed 
impuise) orbit insertion stages require FPR propel- 
Lints to ensure that the Centaur injection conditions 
will match the capability of the fixed impulse stage. 


Whea Centaur burns all propellants to minimum 
residuals, the liquid propellant satellite corrects for 
the effects of launch vehicle dispersions. These dis- 
persious primarily affect apogee altitude. Variations 
in other transfer orbit parameters are minor. The 
performance variation associated with MRS can 
also be quantified as an errag in injection velocity 
which can be approximated as a dispersion in trans- 
fer orbit perigee velocity. Table 2-6 documents 3-sigma 
MRS perigee velocity injection variations for the At- 
las family. MRS was successfully executed for the 
Ailas VCRRES mission launched 25 July 1990. 
2.6.3 RIGHT ASCENSION OF ASCENDING 
NODE CONTROL — Sonie satellite mission objee- 


Table 2-7. Typical injection accuracies ot spacecraft separation. 


Orbit at Centaw/ 
Spececratt Seperation 


2 Three-sigma Errors 


Asqurnant 
tnciaation of Perigee 


Apoges inciinstion Apogee Periges RAAN 
Mission {rend (km) (ceg) {mi (km)]} [nmi (en)] (deg) (deg) (deg) 
GTO 19,287 (35720) 27.0 57.4 (106) 1.3 (2.4) 0.02 0.16 0.18 
Gto 19,411 (25949) 22.1 58.9 (108) 12 (22) 0.02 0.19 0.21 
GTO 22,189 (41094) 19.3 77.3 (14) 1.2 (2.2) 0.02 0.21 0.23 
(Supersynchrongus) 
LEO (circula) 216 (400) 60.0 2.4 (4.43 2.6 (4.8} 0.06 NA 0.06 
NA = Not Appiicable +GS8910585-158 


tives may require !aunch-on-time placement into 
transfer and/or final orbit. For Earth orbital mis- 
sions, this requirement typically manifests itself as a 
right ascension of ascending node (RAAN) target 
value or range of values. Centaur's heritage of meet- 
ing the inertial orbit placement requirements asso- 
ciated with planetary missions makes it uniquely 
capable of targeting to an orbit RAAN (or range of 
RAANSs dictated by actual launch time in a launch 
window) in addition to the typical target parameters. 
With GTO missions, some satellite mission opera- 
tional lifetimes can be enhanced by controlling RAAN 
of the targeted transfer orbit. A satellite intended to 
operate in a non-zero degree geasynchronous final or- 
bit can benefit with proper RAAN placemat. A diift 
toward a zero-degree inclination orbit cari help reduce 
the typical novih-south stationkeeping budget of the 
satellite, thereby increasing the amount of time the 
satellite can remain in an operational orbit. 
Control of the nade is obtained by varying the ar- 
gument of perigee of the transfer orbit and the satei- 
Table 2-6. Three-sigmna performance verictions with MRS. 


Perigee velocity disparsions 
Asset 300 R/sec (91.4 nvsac) 
Adan 285 Rises (86.9 rrvsec) 
Aisa tA = {Custorn) «285 ft/sec: (85.9 vtec) 
(Block 1) 280 tsec (68.4 msec) 
AlasWAS (Custom) 275 R/vac: (81.8 msec) 
(Block 1) 200 Raec (85.9 mifeac) 


-GS8010886-77 


lite bur location with respect to the equator. The 
difference between the inclination of the transfer or- 
bit and final orbits, and the latitude of the satellite 
burn, determines the amount of nodal shift between 
the transfer orbit and the mission orbit. Control of 
this shift is used to compensate for off-nominal 
launch times, keeping the inertial node of the final 
orbit fixed throughout a long-launch window. Cen- 
taur software can be programmed to control the ar- 
gument of perigee (satellite burn location) as a 
function of time into the launch window to obtain 
the desired final orbit inertial node. 

2.7 INJECTION ACCURACY AND 

SEPARATION CONTROL 

Atlas’ combination of precision guidance hardware 
with flexible guidance software provides accurate pay- 
lad injection conditions for a wide variety of mis- 
sions. The minimal data required to specify targeted 
end conditions provides for rapid preflight retargeting 
in response to changing mission requirements. These 
functional capabilities have been demonstrated on 
many low Earth orbit, gecsynchrononous orbit, lunar, 


Accuracy for a variety of GTO and LEO missions 
is displayed in Table 2-7 and are typical of the three- 
sigma accuracies following final upper stage burn. 
Ga all missions to GTO (move than 40 to date), Atlas 
has met all mission injection requirements. 


Past lunar and interplanetary mission accuracy 
requirements and achievements are shown in Table 
2-8. On some of the planetary missions, the guidance 
requirement included orientation of a solid rocket 
kick stage to achieve the proper final planetary inter- 
sect conditions. The major error source on these mis- 
sions was the uncertainty of solid rocket impuise. 

Table 2-8 Lunar and isterplanetary mission accuracy. 


Figure ct Merit (FOM) (m/sec) 
Mission Guidance 
Mission Requirement System to 
Surveyor <3 78 
Mariner Mars <135 3.5 
Mariner Venus Mercury <13.5 24 
Pioneer 10 <B 3° 
Pioneer 11 <% 36* 
Viking 1 <1 36 
Vaung 2 <1§ 36 
Voyager 1 <2! 16.2° 
‘Voyager 2 <21 17.6° 
Pioneer Venus 1 <75 23 
Pioneer Venus 2 <1290 32 
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2.7.1 ATTITUDE ORIENTATION AND STABILI- 
ZATION — During coast phases, the guidance, nav- 
igation, and control (GN&C) system can orient the 
spacecraft to any desired attitude. The guidance sys- 
tem can reference an attitude vector to a fixed iner- 
tia! frame or a rotating orthogonal frame defined by 
the instantaneous position and velocity vector. The 
reaction control system (RCS) autopilot incerpo- 


rates three-axis-stabilized attitude control for atti- 
tude and hold and maneuvering. In addition to a 
precision attitude control mode for spacecraft pres- 
eparation stabilization, Centaur can provide a stabi- 
lized spin rate to the spacecraft while maintaining 
roll axis orientation prior to separation. The Cen- 
taur system can accommodate spin rate up to 5.0 + 
0.5 rpm, subject to some limitation due to space ve- 
sticle mass property misalignments. A detailed anal- 
ysis for each Centaur/spacecraft combination will 
determine the maximum achievable spin rate. 


The extensive capabilities of the GN&C system 
allow the upper stage to satisfy a variety of space- 
craft orbital requirements including thermal control 
maneuvers, sun-angle pointing constraints, and te- 
lemetry transmission maneuvers. 


2.7.2 SEPARATION POINTING ACCURACIES 
~ Pointing accuracy just prior to spacecraft separa- 
tion is a function of guidance system hardware, 
guidance software, and autopilot attitude hold capa- 
bilities. In the non-spinning precision pointing 
mode, the system can maintain attitude errors less 
than 0.6, 0.6, and 1.6 degrees, and attitude rates less 
than 0.2, 0.2, and 0.5 deg/sec about the pitch, yaw, 
and roll axes, respectively (priors to separation) (see 
Table 2-9). For a mission requiring preseparation 
spinup, these sources combine with any tipolf ef- 


Table 2-9. Susvnary of guidasce and control capabilities. 


Coast phase attiaude control: 
Roll axis pointing (dag. hav angie) 516 
Pasaive tharmai contol rate (deg/sac) = -:1.5. 2.0.5 (clockwise or Counterciochwunse) 
Cantaur separanuon parameters al sepnfaliOn Command (no son Trequaemend): 
Roll excite pointing (deg, hail anpie) £07 
Body axis rates (deg/vec) 
Pach 20.2 
Yaw 202 
fou 205 
Nutation iieg, halt angie) <590 
Momenksn pontng (dag, hal ange) =< 3.0 
Spin rata (deg‘sec) <W0230 


2 eaamarternmein 
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fects induced by the separation system and any 
spacecraft principal axis misalignments to produce 
postseparation momentum pointing and nutation 
errors. Here, nutation is defined as the angle be- 
tween the aciual space vehicle geometric spin axis 
and the spacecrait momentum vector. Although de- 
pendent on the actual spacecraft mass properties 
(including uncertainties) and the spin rate, momen- 
tum pointing and maximum nutation errors follow- 


ing separation aze typically less than 3.0 and 5.0 
degrees, respectively. 

2.7.3 SEPARATION VELOCITY — The relative 
velocity between the spacecraft and the Centaur is a 
function of the mass properties of the separated ve- 
hicles and the separation mechanism. Our separa- 
tion systems provide a minimum relative velocity of 
1.0 ft/sec (0.3 m/sec) and are designed to preclude 
recontact between the spacecraft and the Centaur. 
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Figure 2-8. Atlas ! performance to elliptical transfer orbit (metric), 
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Table 2-10. Atias | performance — PSW vs transfer orbit apogee altitude. 


G2 vrs (148 km) perigee parting orb: 90 nimi (167 km) perigee wanster Orbe: 
27-Gegres inchnation, 130-Cagres argumers of pariges: lage payload tring 
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) © Elliptical transfer orbit 
© Reduced-inclination elliptical orbit 
© Easth escape 
© Low Earth orbit 
© Intermediate circular orbit 
© PSW versus transfer orbit apogee altitude 
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Table 2-13. Atias LIAS (Block 1) performance — PSW vs transfer orlit apogee altitude. 


Payioad Systems Weight [ib (kg)] 
Akiude 
foe ee ee ee 
MRS 
$0,994 (150000) 6,686 (3033) 6,528 (2961) 
67,495 (125000) 6,802 6.642 9013) 
53.998 (100000) 6.974 (3163) 6.811 
48,596 (0000) 7,067 (3206) (3131) 
43,197 7,181 (3257) 7,016 (3182) 
40,497 (75000) 7.249 (32883 7,062 (3213 
37,797 (70000) 7.328 (3323) 7,156 (3246) 
35.087 65000) 7.44 (3363) 7243 (3285) 
32,397 7514 (3406) 7.342 (3330) 
31,046 67500) 7,570 (3434) 7.397 (3355) 
29,698 (55000) 7,631 7457 
28.348 (52500) 7,697 (3491) 7.521 3412) 
28,998 7,769 (3824) 7,592 (3444) 
25.648 (47500) 7,84? (3559) 7,689 (347) 
24.298 (45000) 7,933 (3596} 7,754 (3517) 
22,948 (42500) 8,027 (3641) 7.348 (3589) 
21,598 (40.000) 8,132 (3689) 7.349 
20,248 (37 500} 8,249 (3742) $,063 (365?) 
19,324 (35768) 8,337 (3781) 8.150 
18.898 (35000) 8.379 (3801) 8,192 7 16} 
17,549 (32500) 8.529 (3865) 8,337 (3781) 
16,199 (90000) 8.696 (3944) 8.501 
16,849 (27500) 8,888 (4031) 8.689 (3351) 
13,499 (25000) 9.106 (413\) 8.907 (2049) 
12,149 E250} 9,369 (4250) 9,162 ($156) 
10.799 9.674 (4388) 9,464 (4253; 
9,449 (17500) 10.047 (4557) 9.828 (4452) 
8,090 (15000) 10,500 (4763) 10.276 {8681} 
6,749 (12500) | 11,073 (8023) 10,840 (49173 
5.400 (10000) 11,812 (5358) 11,566 
80 nmi (148 km) periges parking orbs, 90 nmi (167 kin) periges vaneter orbit: GSBGNOSSS-2 
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3¢ ENVIRONMENTS 


This section describes the environments to which Following spacecraft mate to Centaur, gas condi- 
the spacecraft is exposed. Prelaunch environments tioning is provided to the payioad fairing at the re- 
are described in Section 3.1, flight environments are quired temperature, humidity, and flowrate. Air 
described in Section 32, and spacecraft tests with a maximum dew point of 40° F (4°C) is used un- 
requirements are described in Section 33. tii approximately two hours prior to lauach, after 
which GN, with 2 maximum dew point of -35°F 
(-37°C) is used. Table 3-1 summarizes prelaunch 
gas conditioning temperature capabilities for the 
nominal configuration and for a fairing with a 
mission-peculiar thermal shield. The opticaal ther- 
mai shield allows greater control over payload fair- 

Environments in the spacecraft processing areas sing internal temperatures during prelaunch gas 
at Astrotech are controlled at 21-27°C (70-80°F) — conditioning. The shield consisis of a noncoatami- 
and 50 + 3% relative humidity. Portable air condi- nating memurane attached to the inboard surfaces 
uoning units are available to further cool test equip- of the FLF frames as shown in Figure 3-1. Missioa- 
ment or spacecraft components as required. peculiar arrangements for dedicated purges of spe- 
cific components can be provided. 


3.1 PRELAUNCH ENVIRONMENTS 


3.1.1 THERMAL — The spacecraft thermal envi- 
ronment is controlled during preiaunch activity, 
maintained during ground transport, and controlled 
after mate to the launch vehicle. 


During ground transport, the temperature within 
the payload fairing remains between 4 and 29°C (40 The gas to the payload arca is supplied through a 
and §5° F), with positive pressure provided byaGN, = ground/airborne disconnect on the payluad fairing 
purge. If required, an optional environmental con- anid is controlled by prime and backup environmental 
trol unit can maintain temperature between 1S and —coatrol units. These units provide air or GN, condi- 
25°C ($0 and 77°F). In both cases, the relative hy- -_ Uoned to the following parameters (Figure 3-2): 


midity remains at or below 50%. © Cleanliness: Class 10,000 per FED- 
During hoisting operations the encapsulated STD-209B 

spacecraft is purged with dry gaseous nitrogen with Ciass 5,000 available on 

relative humidity at or below 50%. request 


Tce 3-1. Gas coaditioning capabiliues. 
Yemperaiwe Range insite Payload Faving® 


Baseline = Sta 


$1-76°F 61-66°F 
(W-26°C}) (16 -21°C} 


S4-7S'F —62- 63°F 
(12-26°C) — (17-20°C) 


$0-85*F 80-160 B¥mn 

{10-29°C)  (@.69-1.21 kg’sac) 
50- 85°F 80-160 nin 47-83°F 61-69°F 40-§7°F 3-70 F 
(10-29°C) «= 0.60 -1.21 kg sac C-aq (16-29°C) {4-31°C} (16-29°C) 


“Temperate ranges are aciustabie (within sytem canaaty) acosr t enscecra’ re-qutemants. -GSE910685- 
ADGwé FANGES ashes & 16) Ee Anun (1.21 kg /sac) flow ran. i : 


+1 


+-GSES10585-15 
Figure 3-1. The thennal sideid optiga. 


© Ides Eempesatuse: Setpoint from 50 to 85°F 


(10 to 29°C) 

¢ folet Temp Caatral + 3°F (2°C) 

© Filwsation: 0.3 microns 

° Flow Rate: Adjustable to aay set point 
between 80 and 169 l/min 
(36.4 W 72.7 kg/min) 

* Dewpoint (Max): 40°F (4.4°C) air 
-35°F (~37.2°C) GN, 


Intemal ducting directs the gas upward to provide 
uniforn distribution 2nd preven: direct impingement 
on the payload. The conditioning gas is vented to the 
almosphere through one-way flapper doors in the aft 


PGSBAISES-17 
Figure 3-2. The payload fairing ait conditioning system pro- 


average gas velocities acress spacecraft components 
are less than 7.fusee @ en/sex). 

3.1.2 RADIATION AND ELECTROMAGNETIC 
—~ To ensure that electromagnetic compatibility 
(EMC) is achieved for each Launch, the electromag: 
netic enviroament is thoroughly evaluated. The 
spaceczaft customer will be requited to provide all 
data necessary WG support EMC analyses (see Ap- 
pendix B tables) employed for this purpose. 
3.1.2.1 Launch Vehicie-Generated Radio Enviroa- 
eaeat — Launch velicle intentional tansmissions 


are limited to the S-band telemetry transmitters at —_ countered by the satellite will approach the typical 
10.8 dBW and the C-band beacoa tiaisponder at _—levels depicted in the figures. 
28.5 dBW (peak) or 26 dBm (average) 3.1.2.3 Launch Range Electromagnetic Eaviron- 

Figure 3-3 shows the absolute worst-case antenna =-—«s went — The EM environmeat of the iaunch range is 
radiation environment generated by thelaunchvehi- based upon information contained in TOR-008 
cle (LV). The curve is based on transmitter funda- - (4338-42)-1 Reissue B. An EMC analysis will be 
mental and “spurious output” requirements and _—pefosmed to ensure electromagnetic compatibility 
assumes: (a) maximum transmit output powers, (b) of the spacecraftflaunch vehicle with the range 
maximum ani-n73 gain and minimum passive ine environment. 
loss (i.e., measured values at transmit frequency ap- 3.1.24 Spacecraft-Generated Environment Limi- 
plied across the entire frequency spectrum). and(c) —_—_tation — During ground and launch operation time 
straight-line direct radiation. Actual levels cioun- frames through spacecraft separation, any space- 
tered by the satellite (influenced by many factors) craft EMI radiated emissions (including antenna 
can only be less than the levels depicted on the fig- radiation) should not exceed the values depicted in 
ure. Initial reductions are provided tothe user upon Figure 3-7. LV/SC extemal interfaces (EMI-con- 
determination of which launch vehicle and payload =——_qucted emissions) must be addressed individually. 
adapter will be employed. Each payload will be ueated on 2 missioa- 
31.22 LV-Generated Electromagnetic Environ- —_ peculiar basis. Assurance of the LV/SC EMC with 
meat — The unincentional EM environments gener- respect to payload emissions will be a shared re- 
ated by the LV at the satellite location are depicted sponsibility between General Dynamics and the ia- 
in Figures 4, 2-3, agwi +. Actual levels ty becn- —_ dividual spacecraft contractor. 
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3.1.3 CONTAMINATION AND CLEANLINESS 

— Launch vehicle hardware thai comes into contact 

with the payload environment has been designed 

and manufactured in accordance with strict con- 
tamination coatrol guidelines. This hardware is de- 
fined as contamination-critical and includes the 

Centaur forward equipment area, the payload 

adopter, and the interior surface of the payload fair- 

ine. 1a addition. ground operations at the launch site 
have been designed to ensure a clean envirgament 
for the spacecraft. A comprehensive Contamination 

Control Pian has been written to identify these re- 

quirements and procedures. Some of the guidelines 

ar? practices enipboyed in the plan are as follows. 

L Precautions are taken during manufacture, as- 
sembly, test, and shipment to prevent coatami- 
critical launch vehicle suslaces. 

2 Launch vehicle contamination-crtcal surfaces 
are cleaned using approved materia! and proce- 
dures, A fina) visual inspection fos ee 
conformance accurs just prior to Sap 

3. The encapsulation process is perfosmed in a Ar 
cility that is environmeniaily controlled to Class 
100.000 cunditioas per FED-STD-X88. All 
handling equipment is cesnroom-<compatible 
anid will be cleaned and inspected before enter- 
ing the faciluy. These environmentally can- 
trolled conditions are available for af remate 
encapsulation facilities (i.e, Asisotech) 

4 Personnel contsols are employed to limi! access. 
tw the pryload faising to maintain spacecraft 
cleankuess. Contamination contre! training is 
provided toall Lunch vehicle personne! working 
in of around the encapsulzted payload firing, 
General Dynamics provides similar training wo 
spacecraft personnel working on the spacecrait 


wile on the launch tower tn casure that these in- 

dividuals ase familiar with the procedures. 
3.1.3.1 Contaminstion Control Prior to Launch 
Site Delivery 
Wesign and Assembly — Contamination conurol 
principles are employed in the design and manufac- 
tutiag processes to limit the amount af gontamina- 
tioa that can be expected from ‘sunch vehicle 
components. Interior surfaces include maintainabil- 
ity features to facilitate the removal of manuizctur- 


ing coataminauts. The Centaur vehicle is assembled 
ima Class 106,000 facility % ensure that the hardware 


surfaces, and im particular any entrapment areas, 
are mainiaized at an acceptable level of cleanliness 
pttoy to shipment to the fsunch site. Inspection 
points are provided to verily cleantisess dinoughout 
the assembly process. 

Materisis Selection — In general, materials are 
selected for use. on contamination-critical hardware 
interior te the PLF that will act became a source of 
wintasmunation to the spaceciaft. Metallic or nanme- 
tallic muzteriais that are known to chip. flake, or peel, 
acd caduium pisting, zine plating, and uafused 
@ectrod-pasited. Hn are probibited from use. 
Carrasion-tesistant materials are selected wherever 


possible and dissinular materials are avoided ov. 


protected in accordance with MIL-STD-SS96, Since 
most nonmetallic materials are knowa to exhibit 
SOME vUTpssing, Uhese mitetiais are evaluated 
against NASA SP-8-Q022 criteria priag to selection. 
3.13.2 Contaaduatioa Conteol Priar to 
Spacecraft Excapsulaticn 

Cleanliness Levels — Contamination-critical bard- 


ware surfaces are cleaned and inspected to specific 


criteria. This checks for the absence of all parucu- 
late and molecular contaminants visibk to the 
unaided eye at a distance of 6-18 wches (152-457 
mim) with a minimum Wumination of 100 fast- 
candies (10% Un/m*) This criterign is Visibly 


Clean Level 2. Hardware that is cleaned to this 
criteria at the assembly planet is protected to 


maintain this love! of cleanliness through shipping - 


and encapsulation. 

Contingency cleaning. may also be required to 
reatiain this level of cleanliness if the hardware be- 
cumes contaminated. Comuagency cleaning proce- 
dures outside of the encapsulation facility prior to 
encapsulation are subject to General Dynasucs en- 


gineering approval. Cleaning of the launch vehicie. 


bacdware that is required in the vicinity of the 
spacecraft must also be approve * by the cognizant 
spacecraft enginces, 

Certain payinads may rmquie that contamina- 
tion-critical hardware avfaces be cleaned to a level 
of deaniiness ozher than Visibiy Cleaa Level 2. Be- 
cause additional cleaning and verification may be 
necessary, these requirements are implemented ata 
mission-peculiar basis. 

Paylasd Fairing Cleaning Techaigues — General 
Dynatnics recognizes that effective cleaning of the 
large interior payluad fairing surfaces depends on 
the implementation of well planned Clearing priwe- 
dures ‘To schieve customer requirements, al clean- 
ing erovedurss are verified by test and arc reviewed 
and approved by Material and Processes Enginser- 
ing. Final cleaning af the payload fairing is 
petforined in.a Class HELGE fonhty just prior to 
encapsulation 
Cleantiness Verification — Ail con’aminathw-<ziti- 
o3] hardware surfaces are visually nepected tavenfy 
the Visibly Clean Level 2 criteria described above. 
The sdditional veriization tochiuques shown befow 
can be provided on a missian-umgue basis: 
° Paruculste Obscuration — Tape Lift Sampling 
* Neavelattc Residue (NVR} — Salvent Wipe 
Sampling 


@ © Paruculate/Moleculur Fallout -—- Witness Plates 
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3.1.33 Contamination Coaivel after Encapsulation 
Contamination Diaphragm — After the two halves 
of the payload fairing are joined, the encapsulation 
is completed by closing the ait opening with a GSE 
reinforced plastic film diaphragm. The doughnut- 
shaped diaphragni stretches from the payload 
adapter to the aft end of the payload fairing cylinder 
and creates a protected environment for the 
spaceciait through mating to the Adas/Centaur. 
Adtes the spacecraft is maied, the diaphragm 
remains in place until final payload fairing clessout 
when all flight doors are insialled. This assists in 
prutecting the spacecraii from possible contamina- 
tion during Centaur operations performed 24 the 
igunch lower after mating. 

Payioad Pairing Purge ~ After eacapsutciim, the 


4, 


payloed fainng snvirdament 14 continvousiv purged 
with HEPA Ritered gases {nitrogen of git) to casuie 
that the cleanliness of the eavinanment docs bot 
exceed the requirements of Class HNO per 
FED-STD-3B. Geoeral Dynamis goarantées 
that the ga at the inlet io use gayhuad faising dose 
eo coxed Class HG), 


Camples 36B ECA — The Compix 8 Sevece 
s$ the 
encapsulated payload faizing are designated as an 
Baviroamentally Controlled Ama (ECA) These 
vels have been consirusted so that they can be 
sealed off inom the cateriar civironawnt. Upoa 
séaling aff those bevels, a scparate air conditioning 


Jower acoess livels that are used to access 


sysiem supplies HEPA filtered air to the environ: 
ment. This provides for a controlled eviviroament 
outstde of the paylomt Giring whee access dours are 
opened. ‘Cleanroom garments can be provided to 
spacecraft personne! working aga these levels to 
pride optimum control as dictited by spacceraft 


tequiremenks. 


= 


Fd 


2.2 LAUNCH AND FLIGHT ENVIRONMENTS 

This section describes general environmental condi- 
tions that may be encountered by a spacecrafi 
during launch and flight with the Auas launch 


vehicle. 
3.2.1 DESIGN LOAD FACTORS — Pksien load 
factors are provided in “Isbies 3.2 andi 3-3 fs use i 


prelinuns;y cesiga af priwery sirxiurt and/or 


evaluating the sultsbis<; .¢ the Adias vehicle fo: an 


existing So 
for angiiestus: « ch center af gr 


‘he ined fsctars are nuended 
taviiy of the space- 


The < TEER sxease of 


Sy 


eran “oc cvaiuste cig structure 
4 spacectali ia lavecd: vehicle cansients will il depend 


1,00 Hs masks Properucs. suffaess. and amount of 
iin aeeapie couplag The load factars given are 
istended to provide 9 coaservalive design envelone 
Sox 8 — spumcrsh it the 4000 1s (18i4 kg} to 
S305 ib (408 kg) weght class with first Ktezal 
makes abowe 8G Hz and frsi axial made above 15 
Rez, Transient hase analyses will be performed dur- 
iag the integration activuy to provide the actual 
laads ou the space vhicle far both primary and sec- 
eadary structie. The toad factors are separated 


io BS Spacer lina ba fst fo Asias 1, Ui, oral 


a 
Casition Gkeckor | «g) > &g 
Lauren "Balai 12 riz 
Lpaera 278 
Pigha winds FS 22 23.3 
iLaherai Ga ag. 
(fYaa won!) Lasser al “ 205 
{thas Ae Axis 25-19 210 
Lateral - 226 
SECO Axa 20-06° 202 
Lasera! ~ 203 
MECO aia 49-00° 205 
frnag 3x2) Lames - 2G2 
fran ara) Axis! a8 229 
Loneced - 205 
* Cocayny to axe ~GSBS1IE23 


Tebde 3-3. Spacecraft amit lacd factors for Alas HAS. 


Load Steady-state Oynamic 
fonddtion Birectior (g) (a 
Launch AxGal +3 z18 
: Lote! = 21 
Fas wens Axia! 22 263 
LZerai 84 zt2 
BECP S Asigt 52 205 
irae suztt iL3erai - 205 
jan tera Axa 25-18 210 
Later} - 220 
See Rs 2.0-0.6° 224 
Laura} £63 
METO Asist 4.8-0.0° 205 
its gua Lateval = 202 
(mex sata} Axl 8.0 220 
Latera! - 206 
Sion CECE . 
; Longeiatna aus > (Pos-tivg) = Comonesson 
— Negatw) = Tanson 
Pach as: = Moy actin athe cock: 
‘Pay as & May act &- sin dvectcn 


iaenal enc Saxe: Macing May Sot SeTtinecty 
Ed) Bity Hore avers. 
Leas) i adres treosgh the cp of tha speaece® 


ee eres moan sel, Lees emeeeamer aad a eeneeeen tmnt rand 


* Gecayirg © cad 


isto a aja isgeaiae ane aseillatary dvwatiuc 
Total load factors in a direction are aduigined by add- 
ing the steady-state and Uynamec portion of the ad 

2 ACOUST 
an acoustic cavivonment thraagliast the buost 
phass of (ight anti the vehicle is out af the sensilte 
atitiospder ze. Pwo portions of fight have significantly 
sugher acoustic levels than the others. The highest 
acousuid evel occurs fe approumatety 5 secamds 
during liftafl. when the uaustic energy of the suging 
exaust is being reflected by the lunch pad. The 


TS ~ The spacecraft is expased to 


other siguificani level uccurs for approximately 35 


soconds during the iransanic portion of ficht and is 
due tw transoaic aeradpnaric shock waves and 2 
tughly turbuloni boundary lyer. The scoustic level 
inaide the payhiad fairing will vary slightly with dif 


ferent spacecrail. This ts due to the aooustic absorp 


ee 


_ tion of each spacecraft depending on its size, shape, 
and surface matetial properties. Acoustic sound 
pressure levels for both the 14-foot and 11-foot pay- 
load fairings are provided in Figures 3-8a through 
3-Se. The levels presented are for typical spacecraft 
of square cross sectional area with S0-G)% fill of the 
fairing by cross sectional area. A mission-peculiar 
acoustic analysis is required for spacecraft with oth- 
er fill faciors to bound the acoustic environment. 

‘The spacecraft should be capable of functioning 
properly after ons-minute exposure to this level. For 

. the i%-feot payload fairing with acoustic Manket, 


special consideration should be given to compo- | 


nents located within 3) in. (76 em) of the payload 


fairing vents (the 11-fout payload faiting veets are. 


fewer in number and located farther from the spacz- 
crak cevetone). Sound pressure levels for cunpo- 
nents located near the vents are given in Figure 3-80. 


An eptional mission-peculisr acoustic bianket | 
design is available (see Figure 3-9) to reduce high 


Frequency acoustic energy within the payluad enve- 


lope. No reduction in clearance envelope results 
from inclusion of the blanket since the current de- 
sign caiis tor placement between existing frames. 
3.23 VIBRATION —The spacecraft is exposed toa 
vibration environment that may be divided into two 
general frequency ranges: 1) low-frequency quasi- 
sinusoidal vibration and 2) high-fvequency broad- 
band random vibration. 

The low-frequency vibration tends to be the de- 
sign driver for spacecraft structure. Ar envelope of 
the Aias/Centaur flight measured low-frequency vi- 
bratiun under 100 Hz near the spacecraft interface is 
shown in Figure 3-20. Tie pe zk responses occur for . 


2 few cycles during transient events such 23 launch, 
‘gusts, BECO, jettison events, and MECO. 


Coupled wads auatyses show that interface accel: 
erations are highly variable with the specific space- 
ceait dynamic characteristics. Thus, if the total 
spacecraé is tested sith.a sinunndal base vibration, 
i is recommended thai ihe input levels be taileved to 


the resume levels comnistent with the mission. 
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Figve 3-82, Acoustic levals for Atias 1, Il, cad UA with 14-faot pazload foiring 
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Figure 3-54. Acoustic tevels meas the vents with the i 4-fooi payload fairing. 


peculias coupled loads analysis and/or inflight re- 
sponses of situilar spacecraft. 

The higt-frequency random vibration that the 
spacecraft experiences is printarity due to the acous- 
tic noise fickd, with a very small portion being me- 
chanically transmitted from the engines. The 
sooustically eacit. raadam vibration exvirorment 
tends to be the design diiver for components and 
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small structure suppurts, The high-frequency vibra: 
tion kevel will vary from one location to another de- 
pending on physica: praperties of each area of the 
spacecraft, Sinve the vibration fevel at the payload 
interface depends on the adjacent structure above 
and below the interface, the exact interface tevel de- 
pends on the siructural characteristics of the lower 
portion of the spacecraft, the particular PLA, and 
how the acoustic field is influenced by the particular 
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An acoustic test of the spacecraft will more accu- 
rately simulate tite high-frequency environment that 
it will undergo in flight than will a random vibration 
test. Ifthe spacecraft is mounted to a test fixture that 
has structural charscteristics similar to the PLA, 
then the vibration levels at the interface will be simi- 
lar ta the flight levels. It is not recommended to at- 
tach the spacecraft to a rigid fixture during the 
acoustic test sinog the interface vibration will be zero 
at the LV interface attach point. but at some dis- 
tance away from the interface the vibration levels 
will be similar to Might levels. 


4.2.4 SHOCK — There are four pyrotechnic shock 
events dering flight on the Atlas I and three events 
on the Ailas H vehicles. These are insulation panel 
jettison (IP3}, payload fairing jettison (PFJ), Cen- 
laur separation from Aflas sustsines, and spacecraft 
separation. Since the system for Centaur separation 
from Adlas is kacated far front ihe spacecraft. the 
siwek is highly attenuated by the time it reaches the 
spacecrait and dees aot produce a significant shock 
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at the spacecraft interface. The separation devices 
for iPJ and PFJ are located closer to the spacecraft. 
and thus the shock at the SC interface is noticeable. 
The spacecraft separation device is at the SC/Cen- 
taur interface and produces the highest shack. 


Figure 3-11 shows the expected shock levels for 
SC separation for a tynical spacecraft at the space- 
craft separation plane for the Type A, Al, B, Bl. and 
D adapters. Based on separation shock tests, the 
shock levels fur the Type B, B1, and D adapters have 
been raised from 50 to 103 and 150 g's at 100 Hz. For 
user-supplied adapters and separation systems, we 
tecommend that the actual separation device be 
fired on a representative payload adapter ard 
spacecraft to measure the actual level and/or qualify 
the spacecraft. Figure 3-12 shows the maximum ae- 
coptatee shock level af the equipment module inter- 
face for a customer-provided separation system. 
3.2.5 THERMAL 
Withia Fairing — The payload fairing protects the 
spacecraft during ascent to a nominal alitude of 
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Figure 3-11 Typical munumen Alas shocks levels ~ Type AL AL. B. BI. ond D calapters 
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Figure 3-12. Maximum allowable spacecrapt-praduced shock al equipment madule interface. 


approximately 370,000 f (115 660 m). Aerodynamic 
heating on the fairing results in a time-dependent 
radiant heating envirenment around the spacectalt 
prior to fairing jettison. The fairing uses cork on the 
extemal conical surface to minimize fairing skin 
temperaiures. The inner surfaces of the case and 
cylinder have a low-emittance finish (€ < 4.2), which 
ninimizes heat transfer to the spacecraft. It should 
be noted that the payload fairing buattail and split 
barrel Go not have a kow-emittance coating and, 
therefore, have an emissivity of €5.09. The peak 
heat Quix radiated by the come and cylinder susfaces 
is less than 125 Biu/hr-fi? (400 Wim?) and the peak 


temperatures remain below S00°F (190°C) at the 


Warawst locati iwi 


After Feiriac Tetticon -- Fairing jettison occurs 
when the 3-sigma maximum free muterular beat flew 
uectcases to U1 Beu/sec-fi? (1135 Wim?), Jeitison 
lining can be adjusted to meet specific mission 
tequirements. A typical fee molecular healing 
profile is shown in Figure 3-13. Since actual proliles 


3-13 


are highly dependent on the Waiectory Nown, this 
daia should not be used for design. 

The spacecraft. thermal cnvirunment following 
fxiring jettison includes free molecular heating, 
solar heating, Earth albedo heating, and Earth ther- 
mal heating, plus radiation to she upper stage and to 


deep space. In addition, the spacecraft is conduc _- 


tively coupled to the forward end of ihe Centaur up- 


per slage Unough the spacecraft adapter. Solar, - 


abeda, and Easth thermal heating van all be con 
trolled as required by the spacecraft by specification 
of launch times, vehicke orientation (including rolls), 
and proper ‘rission design 

The Centaur itself nominally provides a benign 
therm! influence to the spacecraft, with radiation 
cavironmenis ranging from ~SO to 125°F (~45 to 
S2°O™ ard ttnehace teneperiteres qneing Sern GP 
to T20°F (4 10. 49°C) at the forward end of the space- 
craft adapter, Neither the upper stage oigin engine 
plunies nor reaction costiol system (RUS) engine 
plumes provide any significant heating tw the space- 
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Fegure 3-13. Typical fee moleculos heat flux profiles (cumple only: wot ta be wed for design). 


craft. The main engine plus are nonluminous due 
tw the high purity of the LH, and LO; reactants. 


31.2.6 STATIC PRESSURE (PAYLOAD FAIRING 
VENTING) — The payload compartment is vented 
during boost flight through one-way vent doors. Pay- 
load compartment pressures and depressurization 
rates are a function of the fairing design and Uajec- 
tary. Tie 1 fairing vent arca was designed ta have 
a depressurization rate of no nue than 1.0 pei/sec 
(69 kPa‘eeo). Typical predicted pressure profiles 
wil maxintum depressurization rate piofile for the 
1¢-fi fairing are shown in Figures 3-14 and 3-15, re- 
spectively. As shows in Figure 3-15, the depressusi- 
zation rate is typrailly fess than 03 peiftec (2.1 
aPa/see) except for a short period, when the lausch 
it approaches 0.8 pel/coc (6.8 kPassec). 

The 18-fout fairing vent area was designed for a 
depressunzation rate of ao move than 0.6 psi/see 
(4.14 kPafsee), Typical predicted pressure profiles 
aml maxidium depressurtzation tate prolile for the 


11-ft fairing are shuwe in Figures 3-16 and 3-17, re- 
spectively. As seen in Piguze 3-17, the denressuriza- 
tion rate is typically teas than 03 psifsee (21 
kPa/ece) ewept for the shart transanic period, dur- 
iag which the depressutization rate approaches 1.6 
peusee (4.14 kPalsee), 

The vent area af the launch vehicle: payload 
adapters is Gesigned assuming that the spacecraft 
does not wat an appreciable amount of internal val- 
une through the paviiad adapter. If the user requires 
such venting, missi 0-92. sUia7 soodifications can be 
32.7 CONTAMINATSON CONTROL 
seconds from faunch, the Atlas sustainer is tepa- 
rated from Centaur. After separation, vight réire- 
rockets near the aft end of the Atlas (Station 1133) 
are fired tw ensure the expended Atlas stage moves 
away from the Ceataur. These cighi retrarockets use 


_ solid propellants, and exhaust products will consist 


(2a) FUNES Id LHFMLE WAND OVO LANE 


Vida) TUNES 1s IN KAOD GO US 


% 


j 
ab 
2 
; 


Figure 3-14. Dpkal siatic presswe profiles inside 14-foot fairing 
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Figure 3-16 T\pical payload compartment pressure versus time of flight for the 11-2 payload faring. 
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Fgwe 3:17 Tipecal papload compartmond presacre decay rate versus tume from iRoff for the 11-ft payload faireng, 


The vetrorocket nozzles ave canted outbaad 43 
degices from the thrust axis. This cant angle ensures 
that virtually no solid pasticles will impact the space- 
craft. Exhaust gases that impinge upon the space- 
craft are rarefied and should not be a contamination 
canWwCn, as the spacecraft surfaces are still relatively 
warm from prelaunch payload compartment gas oon- 


3.2.7.2 Upper Stage Reaction Control System 
(RCS) — The upper stage RCS consists of twee 
6-tbf (27 Nj} hydrazine (Noi) thrusters for setiling, 


3:16 


voll, and uttitude control requirements. Four thrust: 


ters provide gual thrust, four provide pitch control, 
aad four provide yaw control. They are located 
slighily inboard on the upper stage aft bulkhead. 

Prior 0) upper Stage/spacectaft separation, the 
spacecraft wil! not be exposed to RCS exhaust 
plumes. The RCS duuster'’s inboard location on the 
aft bulkhead proctudes direct ling of auvess between 
the spacecraft ancl Uirusters. 

After separation, same miter spacecrafi im- 
pingement (rom thrusier exhaust plumes aay occur 


during the coltision/contamination avoidance ma- 
peeve: (CCAM), CCAM is designed to mave the up- 
per stage a safe distance from the spacecraft after 
separation. 

A typical CCAM sequence is shown in Figure 
3-18. This figure shows typical spacecraft motion af- 
ter the separation event as longitudinal and latzvai 
distance from the upper stage. Included are contour 
lines of constant flux density for the plumes of the 
aft-firing RCS settling motors during operation. The 
plunes indicate the relative rate of hydrazine ex. 
haust product impingement an the spacecraft dur- 
ing the 2S-ON phase prior to blowdown and during 
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hydrazine depletion. There is no impingement tur- 
ing the CCAM 4S-ON phase because the spacecraft 
is forward of the settling motors. 


3.2.7.3 Upper Stage Main Engine Blowdown — As 
part of the CCAM, hydrogen and onygen are ex- 
nelled through the engine system to further increase 
upper stage/spacecraft separation distance. Hydro- 
gen is expelled cut the engine cooldown ducts, and 
oxygen is expelled out the main engine bells. The ex- 
pelled products are hydrogen, oxygen, and trace 
amounts of helium. which are noncontaminating to 
the spacecraft. Figure 3-19 identifies typical main- 
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Figure 3-18 Typical pacecre’d monon relanve to Contaas upper mage. 
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engine bMewdown exhacsl product impuygement 
Fates on the spacecraft. 

3.28 RADIATION ANG CLECTROMAGNETIV 
COMPATIBILETY — The description of cavien- 


fants prowided in Section 3.1.2 eucompasses wort: - 


case flight cavironments. 
33 SPACECRAFT COMPATIBILITY TEST 
REQUIREMENTS 

Spacecraft Structural Qualification and Accep- 
tance Tests — Geacral Dynamics requires that the 
spacecraf contractor provide the appropriate dats 
to indicate owmpliance with the Atlas launch vehicle 
 Spactcraft structural capability wiciuces items 
such as shock, static load, atadal suvey, sine vidra- 


analysis veeulls. The coupled loads anclysis is per- 


fewaed by General Dynamics using a customer- 
provided and approved math model of the syxice- 


craft. Spacecraft twst levels may be modified by” 
coupled faads analysis results. 

General Dynadiice also suggests that the epace- 
craft contractor dev onstrate the spacevralt capa: 


~ billay fo withstand the thermal and EMVEMC 


eavironarents. 

Fugia hardware fit checks are performed U) verify 
the nating inuerfaces and envehipes. Tabie 3 4 iden- 
ties the zuggested spacecraft quaudfication and ac- 
ceptatwe teste ta ensure adequate campliance with 
the Atlas eivironments. Specific test levels and mar 
gins, based on the fight environments provided, are 
provided cary in the integration prdtesa. 


Table 3-4 Spawn qudfitatnn aad acceptance test 
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4+ SPACECRAFT INTERFACES 


4.1 SPACECKART-TG-LAUNCH VEHICLE 
INTERFACES 

Adi caveloges and adapter information given is to be 
used only a4 a guideline, Ultimate conical of this 
information is through the mezhawical interface 
comirel davumeia Sight modifications to the 
envelopes and adapters can be zocrnmodiated on @ 
misios-pernliss/utigue Sasis. 


40$ MECHANICAL INTERFACE SAvLOAB 


PARRENGS ~ The Adas user Ras a choice between” 


the large and siedium paymad fairing aunfigutac 
HOH, 

4.2.2.4 Lasge Pepload Pairing ~ The large paylead 
faring (LPP) is a rephali-chall sruciure 


in Figuee 1. The secture consists of aluminum 
einfetyinges/fame cuastrotion with veetical, spit- 
fing longevoas. The fauritig cplisdrical section ia at- 
tached sabe lagach voluchr sith the sane at hostiall 
anitkie, The qlndeinal wcteux prwides ELE feet 


| (2.19 mol loagih fac the spacenraft, The ovtadrial 
"ein is lage by y adios! nas’ cone and 4 - 


agheticnt way 


” auaninays cemibined aePylyuantia deag aad weght 


- fhe fairing ang beaatad provide a prumetive c8- 
Gesure for fhe pas 


cod gral Cestaur epapment 


teu wf the exteana parfoces of chs Epiving avy Mise. 
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vilues, Naazaitaaoadng thennal contre! castings 
Bre g2dg Gu iiteteal sultans io. Sur] inthis heat 
Ruare to the spaceensdt, ao 

The fairaig and Boaitail alee pranie mountine 
provisiuns fer various biter system. Paghad cum: 
parement caching spsteas prevadons are cantiined i 
the gytledvwal poctce af the faiemg. Bhetvica 
pucNages Peqaired foe tie lairing separatiag syatern 
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are mosnicd on the internal eerface of the beattad, 
Ducting for the upper sage hydrogen tank venung 
system and cooling ducts for the equipment anadule 
packages ave also attached to the boavail. Four | 
large doors on the baattall provide access ta Cen 


- tau equipment madule packaces arid the lower por- 


yy. She Bovceecw age af the onde 


_awatube packages during grelaueca aed ascent Fae. 


The following missieoeculisr deo can be pro- 
vided a twimal chiekt, acoustic blankets, space- 
craft access doors, and an @F reradisiing antenna. 
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The spseccraft thermai and acoustic environments 
can be tailored for each mission. Access doors in the 
fairing ace provided as necessary to meet spacecraft 
requirements. RF reradiating antennas can be pro- 
vided if required for RF access to the spacecraft. 
4.1.1.2 Rtedizen Payload Fairing — For payloads 
that do not require the valume of the large payload 
fairing. a 10.8-f¢ (3.3-m) diameter fairing 1s available 
iFigure 4-2), 

The medium paylosd fairing (MPF) is also a two- 
hall-shell structure consisting of skin/stringer/frame 


“sy | AOR, 
a ae 


construction similar to the LES. Tis fairing cylindn- 
cal section is attached to the launch vehicle with the 
split barrel. The cylindrical section provides 128 
feet (3.9 m) of length for the spacecraft. The cylindni- 
cal section is topped by a conical nose cone and a 
spherical cap. Both the cone and cap are the same as 
tie LPF 


The MPF and the split barrel provide spacecraft 
protection (thermal, acoustic, electromagnetic. and 
environmental) similar to the LPF and boattail. 


The MPF and split barrel include mounting pro- 
visions for equipment and systems similar to those 
in the LPF. Four large doors in the split barrel pro- 
vide access to the Centaur equipment module pack- 
ages and the lower portion of the payload 
compartment. 
4.1.8.3 Spacecraft Static Envelopes — Figure 4-3 
shows the usable spacecraft static volume provided 
by the large payload fairing. This envelope provides 
a usable diameter of 143.7 inches (3650 mm) tn the 
cylindrical portion of the fairing. The aft portion of 
the envelope is reduced to allow for jettison clear- 
ances of the payload fairing hardware. The aft por- 
tion of the envelope around the spavecrah adapter 
varies for each user, depending oa which spacecraft 
adapter configuration is used. 

The usable static volume provided by the medium 
paytoad fairing envelope is shown in Figure 4-4. This 
provides a usable diameter of 11S inches (2921 mat) 
in the cylindrica! portion of the faivaig. The aft por- 
tion of the envelope is reduced to allow fur jettison 
clearances of the fairing hardware. The aft portion 
of the envelope around the spacecraft adapter varies 
for each user. depending on which spacecraft 
adapter configuration is used. 

Gavelopes surrounding Type A, Type Al. Tepe B. 
Vype 31. Type C. Type C1, and Wpe D adapters and 
the equipment module are shown in Figures 4-5 


through 4-11. The spacecraft envelopes defined in 
these figures represent the mavirmes allowable 
spacecrakt static dimensions (including manufac- 
turing tclerances) relative to the spacecraft/attach 
fixting interface. Spacecraft dynamic deflections 
have been taken into account in arriving at these en- 
velopes assuming that snacecraft primary structure 
first fateral modes are above 10 Hz and first axial 
modes are above 15 Hz. In addition to spacevraft dy- 
namic deflections. these envelopes include allaw- 
ances for payload fairing static and dynamic 
deflections, manufacturing tolerances, vut-of-round 
conditions, and misaiignments. With these assumr- 
tions, a minimum one-inch clearance between the 
spacecraft and the payload fairing is ensured. Re- 
duced clearances may be permitted in the area of the 
spacecraft-to-launch vehicie interface and wili be 
analyzed on a mission-peculiar basis. 


Clearance layouts and analyses are performed for 
each spacecraft configuration and, if necessary, 
critical clearances ate measured after the fairing is 
installed to ensure positive clearance during flight. 
‘to accemplish this, it is important for the spacecraft 
description to include an accurate physical location 
of ail painis on the spacecrafi that are within 2 in, of 
the allowable envelope. The dimeasious ox space- 
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craft model nrust include the mwimam aanufactur- 
ing tolerances 

For spacecrafi secondary structure (1.e., unsecured 
aatennas. thermal sields. etc.) wi the vicintty of the en- 
velape, or for protrusions that may extend outside the 
envelapes shown, cocedination with General Dynanucs 
i repaired to define appropnaie envelopes. 
4.1.1.4 Spacecraft Accessibility — The four large 
doors in the aft (boattail or split barrel) portion of 
the payload fairings will provide primary aocess to the 
encapsulated spacecraft. These doors (Figure 412) 
provide an access opening approximately 30 inches | 
(762 mim) wide by 26 inches (660 mm) tall (LPF boat- 
tail) and 40 inches (1016 mim) side by 36 inches 
(914.4 mm) tall (MPF split barvel) and are located 
ene pei fairing quadrant. Work plationms can de in- 
scrtad through these doors into the payload campart- 
ment 10 allow access to spacecraft hardware near the 
afi eng of the payload compartment. 

lf additional access to the spacceralt is required, 
duors can be provided on a mission-pecutiar hasis 
on the cylindrical section of each paytoad fairing. 
Doovs can be located in mast areas of the firing cy- 
indsical sections except near the split lincs and in- 
terface planes, Typical access doors ase shown in 
Figuse 4-12 for cach fairing 
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41.2 MECHANICAL INTERFACES — SPACE- 
CRAFT ADAPTERS — The spacecraft adapter 
inwstfaces typically consist of the basic spacecraft- 
to-launch vehicle attach ring with its securing provi - 
sions, the two spacecraft rise-off disconnects, and 
the separation springs. Electrical bonding is pro- 
vided across all mechanical interface planes asso- 
ciated with these adapters. It should be naved that 
the clocking of the spacecraft adapter and separa- 
tina system is not fixed but is deter. nined based on 
spacecraft cricntaiion. However, it is reconumended 
that the separation system keyway on the Type A 
adapter be clocked in G-deg increments relative to 
the launch vehicte axis. 

40210 Types of Adapters — The spacecraft -dapt- 
er, equipment module, of other spacer adapters pro- 
vide the mechanical interfaces between the 
spacecraft and launch vehicle. With the Type A, Ai, 
B BE, and D adapters, the launch vehicls provisies 
the spacecraft separation gustem: For the user re- 
quiting, an interface other thon the abawe adapters. a 
iaMted interface is prowkled by the equipawat mid- 
ule and Wee C aad Cl adapters. Hi a custamer- 
prewided spacecraft adapter is used, it must provide 
interfaces for ground handing, excapeulation, and 
Ganspattation equipment In partioglas, there will 


near to be three torus arm fittings andanensapsula- 


tion diaphzagsa unless o GOSS intermediate adapt. 


er is employed. Figures 4-13a through 4- 13g show the 
interfaces for the adapters. Figure 4-14 shows the 
interfaces for the equipment module. Type A adapt- 
er interfaces are compatible with the PAM-DIV/ 
9378 adapers: Type Al adapter interfaces are com- 
patible with the PAM-D/937A; and Type B and BI 
adapter interfaces are compatible with the IIMA 
adapter. The Type C1 adapter ws a spacer adapter 
and provides the same bolt pattern as the equipment 
module. The snacccralt adapicr also provides 
mounting far seme oi the mission-pecullar hard- 
ware. The spacecealt electzical umbilizals and range 
safety destruct unit bath mount on the payload 
adapter. Type D adaptes interfaces are coanpatiine 
With the 1QO6A adapter, Alternate adapter designs 
can be developed on a issun-peculiar basis, 
4.1.2.2 interface Rings — The interface rings far 


the Type A. Al. B, BL, and D adapters are designed 


to pravnde for mounting af a V-hand clasnp separa: 


tion system described below. The spacecraft ring in 
_ ferfaces with the spacecrsit adapter nny and the 


V-band clamp halds the vast together for the stras- 
tusal faint, Figures & 134 through ¢- 1X0 shuse the in- 
tesface ting requirements fev the Tepe A, AL, BBL, 
and D spaceczaft adapters. The interface rings Gw 
Ueeauipment suniule, Weed andl adapters. and 
wher spacer adapters peawide = balt cinde with 
which the apacctyait adapter sill mate. 
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Separation System — The separation systems pro- 
vided with the standard Type A, Al. B, Bi. and D 
adapters are simitar. Each separation system con- 
sists of a clamp band set (Figure 4-16) and separa- 
tion springs to give the necessary separation energy 
after the clamp band is released. The clamp band set 
consists of a clamp band for attaching the satellite to 
the adapter structure plus devices te extract, catch, 
and retain the clamp band on the adapter structure 
after separatien. The separation spring assemblies 
are typically mounted inside (he spacecraft adapter. 
The springs are integral with the spacecraft adapter 
and bear on supports fixed to the spacecraft rear 
Srame. The springs aie sized appropriately for each 
mission to provide the proper separation velocity 
between launch vehicle and spacecraft. The space- 
craft adapter also provides mounting for some of the 
mission-peculiar hardware. The umbilicals for 
spacecraft electrical discoanects and the spacecraft 


SEFARATION SYSTEM 


range safety destruct unit both mount on the space- 
craft adapter. 


4.1.2.3 Spacecraft Adapter Structural Capabiities 
~— The allowabie spacecraft weights and longitudi- 
nal centers of gravity for the Type A, AL. B, BI, and 
5 adapter/separation systems are shown in Figure 
4-17. Note that the structural capability of the Type 
C and C1 adapters is Hmited by the structural capa- 
bility of the equipment module. Figure 4-17 also 
shows equipment imodule load capability. This 
curve is used to assess the structural capability of 
the launch vehicle when usez-supplied spacecraft 
adapters are used. 


The allowable interface loads for the Type A. AL. 
B. BL C. Ci. and D payioad adapters and equip- 
iment module cre shown in Figures 4-189 through 


415g. 
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Figure 4-18 Equipmend module allowable interface loads. 


It should be noted that the spacecraft mass and 
center of gravity (cg) capabilities should be used 
only as a guideline in preliminary design. They are 
determined using genetic spacecraft interface ring 
geometry as shown in Figures 2-152 through 4-15¢, 
and quasi-static luad facters showa ia Tables 3-2 
and 3-3. Actual spacecrait design allowables may 
vary depending upon interface ring stiffness and re- 
sults of spaceeraft mission-peculiar coupled loads 
analyses. Please cantact General Dynamics for fur- 


CAST RETE COMMANDS (OPTIONAL) 


ther discussion regarding spacecraft designs that ex- 
ceed these generic ailowables. (See Section 7 for 
additional equipment nwdule capability options.) 


4.1.3 ELECTRICAL INTERFACES — The space- 
craft/aunch vehicle electrical interfaces are shown 
in Figures 4-19 and 4-20. Typical standard interfaces 
include: 


* A spacecraft-dedicated umbilical interface be- 
tween the umbilical disconnect located un the 


Fagure 4-°9 Tipatal SCILV alecemria meerface. 
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Figure 4-20. Atlas li, IA, ane LAS spceeceast seuck interfcce. 


Centaur upper stage and rise-off disconnects at 
the spacecraftlaunch vehicle interface 
Spacecraiviauach vehicle separation indicators 
lacated in the SC/LV rise-olf disconnects wo verify 
separation 

A spacecraft destruct interface activated by the 
Centaur range safety system 

Standard rise<of disconects (MS 3446E 37-S0P 
and M3864 E37-S08) of other connectors from 
MUL-C-81703 that may be required by ntission- 
peculiar changes. A unique keying arrangenient 
fur cach connectar is highly recanunended. 

The launch vehicle can also be contigured to pro- 
vide ciecttical interfaces for vasious mtissusn-pecu- 
liar requitements. The complement of signals 
availabie is as follows: twa separation commands, 16 
ov 16 (Atlas 1) contra commands that can be con- 
figured as 28 V discretes of switch chow wie functions, 
2 standard umbilical with a mix of wire configura: 
tions, and an instrumentation interlace, which con- 
tains two discrete inpuls lor detection of spacecraft 


separation, four analog inputs for general use. ten 
command fecdback discretes, and two serial data in- 
terfaces for dowalinking data from the spacecraft. if 
desired. 

The paragraphs below describe the Atlas electsi- 
cal interfaces in detail. 
4.1.3.1 Uabilical iaterface ~~ A spacecraft-dedi- 
cated umbilical disconnect for on-pad operations is 
lucated on the Centaur forward umbilical panel. The 
umbylical interfaces with two SC-dedicated rise-off 
disconnects licated on the spacecraft (see Figure 
4-19). This umbilical interface provides signal paths 
between the SC and ground support equipment for 
SC system monitoring during prelaunch and lauach 
couatdown, 

The umbilical disconnect separates at iftoff. The 
two spaccoraft rise-olf discunaests separate at SC/ 
Centaur separation. 

The SCAGSE umbilical contains the following 
complement of wires tvom SC to umbilical 


41. twisted shielded wire pairs — 20 AWG 
6 twisted shielded wire triples — 20 AWG 


4+ twisted shielded controlled impedance wire 


naivs — 750 + 16% 


Additional disconnects for signal interface be- 
tween the SC and LV can be incorporated fox mis- 
sion-peculiar requirements. These disconnects also 
separate at SC/Centaur separation. 


4.13.2 Electrical Disconnects — The standard 
adapters provide two 37-pin rise-olf disconnects for 
the spacecraft intezface. These rise-off disconnects 
typically provide a spacecraft-dedicated umbilical 
interface between the spacecraft and ground sup- 
port equipment. General Dynamics can provide 
more disconnects on a missian-peculiar basis if the 
spacceraht requires them. Interface requirements 
for the disconnects are shown in Figures +-15a. -15b, 
and -15e. 


4.1.3.3 Spacecra® Separation System — The 
baseline separation system for SC/LV separation is 
2 pyrotechnic VAype clamp band system. 


The separation sequence is initiated by redun- 
dant commands from the upper stage guidance sys- 
tom. The upper stage typically controls the 
spacecralt pyrotechnically actuated separation sys- 
tem. Power for this is supplied from the main vehick 
battery. 


Positive spacecraft separation is detected via con- 
tinuity loops installed ia the spacecraft rise-off dis- 
connects and wired (o the Ceniaur instrumentation 
system. The separation event is then telemetered to 
the ground. 
4.1.3.4 Coatrol Command Interface — Fur the At- 
las H. HA. and MAS vehicles. the remote control unit 
(RCU) provides as many as 16 cantral commands to 
the spacecraft. These commands are solid state 


+N 


switches configured as 28 Vde commands or as 
switch closures (dry-loop commands). 

Closure of the switches is controlled by the iner- 
tial navigation unit (INU). Parailel digital data from 
the INU is decoded in the RCU and the addressed 
relays are energized or de-energized under INU soft- 
ware conirol. 


For the Atlas I vehicle, 10 command functions are 
provided by the sequence control unit (SCU). These 
functions are controlled by the INU and can be con- 
figured as 28 Vdc commands or as switch closures. 

The basic switch configuration is shown in simpli- 
fied form in Figure 4-2). The figure aiso shows a 
typical spacecrait interface schematic. 

Command feedback provisions are also incorpo- 
rated to ensure that coatro! commands issued to the 
spacecraft are received through SC/LV rise-off dis- 
connects. The SC is responsible for providing a feed- 
back loop on the SC side of the interface. 
4.1.3.5 Telemetiy laterface — Two telemetry op- 
tions for data transmission are availiable to the 
spacecraft. 
© Incorporating an independent SC-based KF tele- 

metry/comntand system. Use of tus option will 

toquire modification to the metal nose fairing for 
implementation of a reradialing antenna system. 
e Jaterfacing the spacecraft PCM and analog data 

with the upper stage masier data unit (MD). 

The MDU incorposates software pragrammable, 

integrated signal conditioning and multiplexing, 

and multiple-bit rates and PCM formats. The SC 
data is interkaved with the LV data and serially 
transmutted in a POM bit stream. 

A PCM hardwire link for SC and SC/GSE interface 
is available for systeta monitazing and verification. 
41.3.6 SpaceceaR Destruct Option — If required 
tor range safety considerations, Atlas can provide a 


spacecrait destruct capability. A safe/aim initiator 
teceives the destruct command from the Ceniaur 
Flight Terminaticn System (FTS). The initiator ig- 
nites electrically initiated detonators, which set off a 
boaster charge. The charge ignites a mild detonating 
fuse which, in turn, detonates a conically shaped ex- 
plasive charge that perforates the spacecraft propul- 
sion system. 
42 SPACECRAFT-TO-GROUND EQUIPMENT 
INTERFACES 
42.1 SPACECRAFT BLOCKHOUSE CONSOLE 
— Foor space is allocated on the aperations level of 
Blockhouse 36 for installation of 2 spacecraft 
ground coatrol coasole. This console is typicaily 
ptovided by the user. and interfaces with General 
Dynasnics-provided control circuits through upper 
stage uimibilicals to the spacecraft, The control cir- 
cuits provided for spacecraft use are isolated physi- 
cally and clectrically from those of the launch vehicle 
to minimize EMI effects. Spacecvaft that requite a 
sate/arm function for apogee motors wil] iso inter- 
face with the range-operated pad safety console. GD 
will provide cabling between the spacecraft block- 
hwuse console and the pad safety consale. The safe/ 
ann command function for the spacecraft apogee 
motor must be inhibited by a switch contact in the 
pad safety console. Pad Safety will close this switch 
when pad evacuation has been verified. 


$.2.2 POWER — Several types of electrical power 
are available at Complex 36 for spacecraft use. Com- 
mercial ac power is used for basic facility operation. 
Criiical functions are connected to an uninterrup- 
table power system (UPS). The dual-UPS consisis of 
bauery chargers, baiteries, and a static inverter. The 
battery chargers are normally operated from the 
commercial system. However. one UPS may be op- 
erated on diesel generator power far major testing 
and launch. UPS power is available for spacecraft 


use in the biocknouse, launch service building, and 
umbilica! tower. 

Twenty-cight-valt dc power can be prowided for 
spavecraft use in the blockhouse and the launch 
service building. The facility power supplies are op- 
erated oa the UPS to provide reliable service. 


423 LIQUIDS AND GASES 


Gaseous Nitrogen (GN2) —- Three pressure levels of 
gaseous nitrogen are available on the service tower 
for spacecraft use. Nominal pressure settings are 
2,000 psi (13 790 kN/m?), 100 psi (689.5 KN/m2), and 
approximately 10 psi (68.95 kN/m*). The 10-psi sys- 
tem is used for purging electrical cabinets for safety 
and humidity control. 


Gaseous Helium (GHe) — Gaseous helium at 2.200 
psi (15 169 kN/m2) is available on the service tower. 


Liquid Nitregen (LN2) -- LN? is available at the 
Complex 3 storage facility. LN2 is used primarily by 
the Alas pneumatic and LN2 loading systems. Small 
dewars can be filled at range facilities and brought 
to Complex 36 for spacecrait use. 


42.4 PROPELLANT AND GAS SAMPLING - 
Liquids and gases provided for spacecraft use will 
be sampled and analyzed by the range propellant 
analysis laboratory. Gases, such as helium, nitrogen, 
and breathing air, and liquids such as hypergolic 
fuels and axidizers, water. solvents, and hypergotic 
decontamination fluids may be analyzed to verify 
that they conform tw the required specilication, 


425 WORK PLATFORMS ~— The Complex % 
service tower provides work decks approximately 
ten feet apart in the spacecraft area. Postable 
workstands will be provided to meet spacecrait mis- 
sion requirements where the fixed work decks do not 
suffice. Access can be provided inside the encapsu- 
lated nase fairing. The access requireasenis will be 


developed during the planning stage of cach 
mission. 

43 SYSTEM AND RANGE SAFETY 

43.1 REQUIREMENTS -- Launch vehicle and 
spacecraft design and ground operations will be in 
accordance with the Eastern Space and Missile Cen- 
ter Regulation (ESMCR 127-1), Range Safety re- 
quirements, and Air Force regulations concerning 
Health. For spacecraft processing in Astrotech In- 
ternational Corporation facilities, compliance with 
their safety policy will be required. Should space- 
craft processing be conducted in NASA facilities, 
compliance with ESMCR 127-1, as well as NASA 
safety regulations will be required. 


Chapters Z through 5 of ESMCR 127-1 identify 
spacecraft design and operational requirements 


that must be met to obtain range safety approval. 


For spacecraft that are designed to meet Space 
Transportation System criteria, compliance with 
ESMCR 127-1 should be specifically addressed in 
safety submittals. 


General Dynarnics System Safety engineers are 


available to evaluate, analyze, and provide guidance . 


for spacecraft design to support range safety ap- 
proval. CLS will provide a specific set of design and 
operational requirements that define spavecralt- 
peculiar Range Safety and spacecraft processing 
requirements. Should areas of notsompliance be 
determined. General Dynamics wil. evaluate and 
suggest when a waiver may be pi ident while still 
mecting the intent of the safety requirement, For 
cach program, a system safety manager will be des- 
ignated, whe acts as the spacecraft agent for ail in- 
terface activities with the ESMC Range Safety 
Office. 


documents ase applicabie to launch processing 

At CCAFS aad/or KSC 

ESMCR 127-1, Range Safety 

AFR 127-100, Explosives Safezy. Standards 

AFR 127-12, Aiz Force Occaysational Safety, Fire 
Prevention and Health (AFOSH) Program 

MIL-STD-1522A, Standard General Requirements 
for Safe Design and fiperatio: of Pressurized 
Missile and Space Systems 

MIL-STD- 1576, Electroexptosive Subsystem Safety 
Requirements an4 Test Methods for Space 
Systems 

GDSS Launch Site Safety Manual 

At Astrotech 

Astrotech Safety Policy 

43.1.2 Apstication ~- System and Rasge Safety re- 

quirements will be analyzed and controls estab- 

lished for both design and operational/tcest 

procedures that are determined to be hazardous to 

the tavech vehicle system or personnel. For launch 

aperations from Cape Canaveral Air Force Station, 

spacecraft mast meet che range safety requirements 

vostained in ESMCR 127-1. 

The fallowing areas will te evaluated for 


ie Propellants and propulsion systems 


© Pressurized systems 

© Cydacnre systems 

* Electricalfelectrunic equipment 
¢ Ground support equipment 

¢ Non-ionizing radiation 

© lLonizing radiation sources 

© Acoustic (notse) ciitesia 


* Hazardous matezials 


43.1.3 Safety Data Submittals — The customer 
and spacecraft supplier shail perform system safety 
hazard anatyses for the spacecraft and provide these 
analyses in a Missile System Prelaunch Safety 
Package (MSPSP). 

This data package will describe, in detail, all 
potentially hazardous subsystems of the spacecraft 
design. The subsystems designated as hazardous 
are: propulsion, pressure, electrical, urdaance, ra- 
diation sources, and hazardous materials. This 
document summarizes the system safety analyses 


4-37 


for the spacecraft and includes analyses of the 
spacecraft to launch vehicle interface. The MSPSP 
also includes information concerning all hazardous 
and nonhazardous procedures accomplished, as 
well as 2li ground support equipment used during 
payload processing. Safety Working Groups and 
‘Technical Interchange Meetings wiil be held to en- 
sure exchange of the safety data necessary to verify 
compliance with range safety requirements. 

Flight Analysis Data Package ~- This data package. 
prepared by GDSS. will contain zeneral spacecraft 
performazwe, flight, and trajectory (land overflight) 
information. 
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5 * SPACECRAFT AND LAUNCH FACILITIES 


General Dynamics has formal agreements with U.S. 
Air Force 45th Space Wing (45 SPW) and the 
National Aeronautics and Space Administration's 
Kennedy Space Center (KSC) for the use of payload 


and launch vehicle processing facilities and Com- - 


picx 36A and 36B at Cape Canaveral Air Force Sta- 
tion (CCAFS) (see Figure 5-1). We also have 
agreement on the range services and equipineni io 
be provided. 

A customer mission support facility is provided 
on Cape Road at CCAFS. Conference rooms and 
management offices ate available for use during the 
launch campaign. This facility is conveniently lo- 
cated between SLC-3%6 and Astrotech (see Figures 
§-% and 5-2). 

The information that follows is a summary of the 
launch service capabilitizs that General Dynamics 
provides. Additional detaiis are available in the 
Adas Launch: Services Facilities Guide. 
$.1 SPACECRAFT FACILITIES 
The commercial payload processing facility awned 
and uperated by Astrotech Space Operations, LP. is 
the primary facility for processing commercial 
spacecrait. This facility contaims separate nonhaz- 
ardous and hazardous processing buildings, stozage 
buildings. and offices. The facilities and Now plans 
are described in the following secitams. Asitotech 
complies fully with ali applicabse federal, state. re- 
ghnal, and local statutes, ordinances, ruses, aud 
regulations relating to safety and environmental te- 
quitements. 

Shuuld 2he Astrotech facility not adyquateiy sat- 
isfy compnescial spacecraft requirements, govem- 
ment facilities, as pronded ier in General 
Dynamics/NASA and General Dynamics/USAF 
agteements, are available. These facilities. tou, are 
described in the following sections. 


§.1.1 PAYLOAD PROCESSING FACILITIES 

Asirotech Building ‘ {Payload Processing Building) 

— Astrotech Building 1. with its high bay expansion, 

is considered the primary payload processing 

facility. With overall dimensions of approximately 

200 fi (61.0 en) by 125 ft (38.1 m) and a height of 49 ft 

(14.9 m) its major features are: 

© Airlock 

¢ High bays (three identical and one expansion) 

© Caatrol rooms (two per high bay) 

* Office complex. administrative area, communica- 
tions mezzanine. and support areas. 

The Building 1 floor plan is depicted in Figures 
$-3and 5-4. ‘The expansion adds a high bay complex 
adjacent to the south wall with a passc¢e between 
the sew high bay and existing airlock. Table 5-1 lists 
the details of room dimensions, cleanliness. and 
crane capabilities of this facility. 

Building AE — Building AE is a spacecraft and 
missions operations facility originally constructed 
by the Air Force. With overall dinwusions of apprax- 
imately 12) fi (36.6 m) by 330 ft (97.5 an). it features: 
¢ Spacecraft checkout areas (high and kw bays) 

© Mission Director's Center and VIP Observation 

Ruan (see Figure 5-5) 
© Telemetry Ground Station and Laboratory (in- 

cluding Astrotech’s communications link with the 

tange) 

Building AE ts hocaied in the CCAFS Industrial 
Area ou Hanger Ruud. Table 5-2 provides a detaied 
Gescription of Building AE favilities. 

Building AM — Building AM is a specialiy designed 
two-story facility constructed by NASA for space- 
ciafi processing and checkout. With dimensions of 
approximately 103 fi (31.4 a1) by 195 ft ($9.4 na). it 
featuses dual spacecraft checkout areas. Building 
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Figure 3-2 CCAFS customer support facility 


AM is located in the CCAPS Industrial Area on 
Hanger Road. Table 5-3 prowides a detailed descrip- 
tion of Building AM facilities. 

Building AO ~ Building AO is a specialiy designed 
two-stury facility constructed by NASA for space- 
craft processing and checkout. With dimensions of 


approximately 180 ft (4.8 m) by 185 ft (56.4 m), it 
had been used primarily by JPL fur interplanetary 
and lunar spacecraft processing, Building AO is 
located in the CCAFS Industrial Area on Hanger 
Ruad. Table 5-4 provides a detailed aah al of 
Building AO facilites. 
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§.4.2 HAZARIKIUS PRENCESSING FACILITIES 

AMroth Buildieg 2 (Hazardous Processing Fe- 

cility} ~ Ascetech's Building 2 with ite high bay 

CAPANKINL Ws ouneidered the primary hazardous 

pragessing facility, With overall dimensions of ap 

proximately (89-4 (48.3 maj iy 1122 (34.1) and a 

heeght of $9 fi (14.9 eat), Uae anajar feaiuges are: 

* Airkck 

* Spacscraft proccasing high Sy and aperatns 
FOOTE 

* Spin high bay and control coum 

* PAM prtescaty high bay and canitd ram 

¢ Expansios high bay/airlask 


Taide 3-3. Building AM isa Beod alternate fo the prasary 
pawoad procesnivg facility. 
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The Biting 2 (aor pin is depicted ta Figure 
$6. Esct of tie high bays is built two explusivn- 
prvol of eqaivalent siaadards to support opera- 
thats ievalving liquid propellant transfer. solid 
ArOpallant maton prepuratiaas, and a¢dnance in- 


staliation. Table $-5 lists the details of roam dimen- 
sions, cleanliness. and crane capabilities of this fa- 
cility. 

Explosive Safe Area GOA (ESA 684) — ESA SUA is 
located nasth of the CCAFS Industrial Area on Ti- 
tan [ll Read. Designed and built by NASA, ESA 
GGA consists of four separate buildings: 

° Sterilization and Assenibly Building (5.6460 

square. feet) 


© Propellant Laboratory (1.100 square feet) 


© lasirumentation Laboratory (1,350 square feet) 


° Ground Support Equipment (GSE) Building ( 

(1.400 square feet) 

Tie Sterilization and Assembly Building and 
1,000 squase feet cf the Propellant Laboratory are 
Class 100.000 clean room environments. All test ar- 
eas within ESA 60A are either reinforced concrete 
or earih revetments to meet blast requizements. T- 
ble 5-6 provides the details of this facility. 
fet 
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Taste 5-5. Astrotech’s Buildizg 2 features three blasi-proof processing rooens. 
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No. 2(SAEF 2) — SAEF 2is a NASA facility acatcd 
wuiheast of the KSC Indusirial Area. It features: 
* High bay 

* Low bays (two) 

* Test cell 

* Control rooms (two) 

Details of the SAEF 2 facility ave in Table 5-7. 
Payioad Hazardous Servicing Facility (PHISY) — 
The PHSF is a new NASA facility located southeast 
of the KSC fudustrial Area (adjacent ta SAEF2). 
Additional features of the PHS® Sesvice Building 
ase descsibed in Table $-§. 
$.1.3 SPACECRAFT SUPPORT FACILITIES 
Asirotech Buiidiag 3 (Paytoad Storage Buildiag) — 
Astrotech's Building 3 is a thermally cantroiled sioe- 
age area fos shost-term starage in conjuaction with 
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payload processing activities or dong-term satellite 
stosage, Siorage bay and doar dimensions and ther- 
mai control ranges are identified in Table 3-9. 


Building 4 (Warehouse Stovage Building) 
~ Astrmech’s Building 4 is 3 storage area without 
cavironmental controls and ts suitable for storage of 
shipping containers and mechanical GSE. Table 
$-10 details this facility’s dimensions. 

Astrotech Building 5 (Customer Office Building) — 
Asiratech's Building 5 provides 3.600 ft2 (334.4 m2) 
of oliice space divided into 17 individual offices with 
a reception area sufficient Wa accouumodate up tw 
thice secretaries. 

$.2.4 SPACECRAfT SERVICES 
ELECTRICAL POWER AND UGHTING - The 
Asirotech facility is served by 490 Vac/three-phase 
comuneicial 60 Hz electrical power that can be redis- 


Table 5-6. ESA 60.4 provides diverse services for huzand- 
ous processing operotions. 
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Ne B21 Bw = 3°F 
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: Gage high Gay with easth rovetnerts 
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Tangerine 217°C 323 
Reistue NusrecSap = S% 
laczumentetion | sioratery & Siarage Budding: The wii 
mentation Baldy a Chtanwig laixvalory. ship & 
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Sewage tow tceace =| BI TS Een wWx50R 
Storage area door 3X6m 10 KWH 
Crane type Morvored 
Crane $443 btn 
Crate hock heat 123m SB 7ER 
HGSEDIN6ES- 157 


tnibuted as 480 Vac/three-phase/MIA. LAV 150 Vac/ 
three-phase/ODA, ov 120 Vac/single-phase. AA 
power (to any location in Buildings 1 and 2 Commer- 
cial power is backed up dy a diesel generator during 
esitical testing and launch periods. Asitotech can 
provide 35 kV of S) Hz power, which is abo backed 
up by a diesel generator. 

The high bays and airlocks in Buildings 1 and 2 are 
lighted by 4O0-watt metal halide lamps a inaintaia 
100 foot-candies illumination. Control rooms. ol- 
ees, and conference arcas have 35-watt fluorescent 
lamps to niaiitain 70 fout-candles of iluiminatuon. 
COMMUNICATIONS 


* Telephone and Farsimile — Astritech provides 
al telephone equipmeni, local telephone service. 


Table 5-7. SAEF 2 is the larger uf the altemate hamardous 
facilities 
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Table 5-8. The PHSF Service Guiding is anew NASA facii- 
iy for hazardous processing 


Service bay 

Rdor space 184% Yee SOX 1078 
Coating haggis 23 om gan 1m 
Door clinanwaorey WERK 29 3SXTSA 
Crane capecey 45.400 tg Sion 
Hook heap 35 Sen aIAGin 
Aictock 

Foor spade 183% 239m SOX GOR 
Caing haagit of én Bain 
Cow Gnensions 108 X S2 a BRR 
Crane capacily 13.600 ty +5 ton 
Hook Might 22.0 Se 
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Envirgemsetel oonels 

Febon Crass 1233.000 igterwant) 

Ae change te Fas! pet Wows ernie 
Torparek-s 2172330 7126F 
Reese testy SX tne 


and tang disiance access. A Group 3 facsuniie 
machine ts available and commercial telex service 


casi be arranged. 


* [nterconumeunication Syitems — Astrotech pro- 
vides a minima of Uvee chanuels of voice com- 
munications anwng all work areas. The facility is 
connected iw te NASA/USAF Operational In- 


Table 5-9 Astrnech’s Payload Storage Building is used for 
short-term hardware storage. 


Guliding % Thermally controiied (21.1 te 24.6°C: 70 te 78 °F) 
sherage Cariity 


Roor space THAXGTia7T Fm BX 2a 2g 
8 roome) 
RAoor area $1.1 or 55.6 me 58D of 600 
(6 toons) 
Geet height 63am Zen 
Qoor ize 61X7A2 Ym DXA HR 
(4 rooms) 
Oaor size 5.49 X% 7.62 tym 16X25 0H 8 
(2 mome} 
+4358910585-130 


Tatde §-10, Astrctech's Warekouse Storage Building is 
sutadble for storage of items not requiring climate controls. 


Buliding 4: Starage witout environseental oxsivel 


Foor space 1824X 3.1m SDK 1258 

Foc: aan 580 6 on? 6250 Re 

Dove ane 5$49X792m 18 X 268 
+GSBGINS5-131 


tercommunications System and Transiswrized 
Operational Paging System (TOPS) to provide 
muliipte-channel voice communications between 
the Astrotech facility and selected locations at 
Cape Canaveral Air Force Station. 

© Closed-Cincult, Television (CCTV) -- CCTV 
cameras are located in the high bays of Building 2 
and can be placed in the high bays of Building 1. 
as required, to permit viewing operations in those 
aseas. CCTV can be distibuted within the 
Astrotech facility to any location desired. hi addi- 
tion, Asisotech has the capability to transmit and 
receive a single channel of CCTV to and from 
BKSC/CCAPS via a dedicated microwave link. 

° Command sad Dats Links —~ Astrotcch provides 
both wideband and narrowband data wansmis- 
sion capability via a dedicated microwave link 
and the KSC/CCAFS cable transmission system 
to all locations served by the KSC/CCAFS net- 
work. If a spacecrait requiies a hardline trans- 
mission capability. the spacecraft is responsible 
far providing correct signal characteristics tw in- 
terlace to the KSCCCAFS cable transmission 
sysicn. 


Astrotech provides antennas for direct S-band. 
C-band, and Ku-band air links from the 
Astrotech facility to Laznch Complex 36, and an- 
tennas for C-band and Ku-baid air links between 
Astrotech Buildings 1 and 2. 


OTHER SERVICES 


© Tesmpezature/Humidity Coatrol — The environ- 
meat of all Astrotech high bays and airiucks is 
maintained at a temperature of 24+28°C 
(75+ 5°F) anda relative humidity of $0 + 5%. The 
environment of ali other areas is maintained by 
conditioned air at a tesaperature between 21 and 
25°C (70 to 78°F) and a comfortable humidity. 

* Compressed Air — Regulated compressed air at 
125 psi is available in Buildings 1 and 2. 

© Security and Emergeacy Support — Perimeter 
security is provided 24 hours a day. Access to the 
Astrotech facility is via the main gate. where a 
guard is posted during working hours to contro} 
access. Internal security is provided by cypher 
lacks on all doors leading into payload processing 
ateas. Emergency medical support is provided by 
Brevard County and emergency fire support by 
the City of Titusville. In case of an accident. per- 
sonnel will be wansported to Jess Parish Hospital 
in Titusville. Both medical and fire personnel 
have been trained by NASA. 

$2 SPACECRAFT INSTRUMENTATION 

SUPPORT FACILITIES 

The CCAFS area facilities described in this section 

can be used for spacecraft checkout as limited by 

compatibility to the spacecraft systems. Special ar- 

rangemeats and funding are required tw utilize these 

assets. 


$2.1 TEL 4 TELEMETRY STATION — The 
ESMC operates an S-band telemetry receiving, re- 
cading, and real-time relay system on Merritt Is- 
land. This system is used for prelaunch checkoul of 
launch vhicks and spacecraft. A typical ground 


Checkout configuration would include a reradiating 
antenna at the PPF, HPE or launch pad directed to- 
ward the Tei 4 antenna. The telemetry data can be 
recorded on magnetic tape or routed by hardline 
data circuits to the spacecraft ground station for 
analysis. Te! 4 also acts as the primary terminal for 
ielemetry data transmitted from the ESMC down- 
range stations. 


§..2 GSFC GSTDN/TDRSS MILA STATION— 
The Goddard Space Flight Center (GSFC) station is 
also located on Merritt Island and is the ESMC 
taunch avea station for NASA's Ground Spaceflight 
Tracking and Data Network (GSTDN). Inciuded are 
satellite ground terminals providing access to world- 
wide communications. Circuits from MILA to HPF, 
PPE. and Complex 3 are available to support check- 
out and network testing during prelaunch opera- 
lions as well as spacecraft telemetry downlinking 
during launch and orbital operations. 


The MILA station can also support ground test- 
ing with Tracking and Data Relay Satellite System 
(TORSS}compatible spacecraft to include TORSS 
links to White Sands, New Mexico. Special azrange- 
menis and documentation are required for TDRSS 
testing. The GSTDN is scheduled for phaseaut when 
the TDRSS system becomes fully operational. 


5.2.3 JPL MIL-71 STATION ~- This station is calo- 
cated at MILA on Merritt Island and is an element 
of the Jet Propulsion Labovatory (JPL) Deep Space 
Network (DSN) This station can be configured fur 
ground tests similar to Tei 4. In addition, data from 
spacecraft that are compatitic with the DSN can be 
rclayed to the JPL in Pasadena, Califomia. 

S35 SPACE LAUNCH COMPLEX 36 

CONFIGURATION 

The Allss launch facility is Space Launch Complex 
35 (Figure $-7), located at CCAFS, The major facili- 
lics include the mobile service tower (MST), umibili- 


cal tower (UT), and the blockhouse. See Figure 5-8 
for a plan view of Space Launch Complex 36. 

§3.1 MOBILE SERVICE TOWER (MST) — The 
MST (Figure 5-9) is an open steel structure with an 
interior enclosure that contains retractable vehicle 
servicing and checkout leveis/platforms. The tower 
contains an electric. troiicy-mounted 10-ton (9072 
kg) overhead bridge crane used to hoist spacecraft. 
fairings, and the upper stage vehicle into position. 
Two elevators serve ail MST levels. The entire MST 
assembly is on a rail system, which allows it to be 
muwed from the launcher platform for launch. 


RF cabling and reradiating antennas can be 
made available on the service tower for spacecraft 
use. 
$3.2 UMBILICAL TOWER — The umbilical 
tower (UT) (see Figure 5-10) is a fixed structural 
Stee! tower extending above the launch pad. Retract- 
able service booms are attached to the UT. The 
booms provide cloctrical power, instrumentation. 
propsilans. paeumatcs, and conditioned air oF 
GN? to the vehicle and spacecrafi, These systems 
also provide quick-disconnect mechanisms at the 
respective vehicle interface and permit boom retrac- 
tion at vehicle launch. A payload umbilical junction 
box is provided to interconnect the spacecraft to the 
cicetrical ground support equipment. Limited space 
is available within this junction bax te install space- 
crafi-unique elzctrical ground suppert equipment. 


§3.3 LAUNCH PAD GROUND SYSTEM ELE- 
MENTS -- The launch comples is serviced by gase- 
ous titrogen (GN) gaseous helium (GH-=), and 
propellant storage facilities within the comptex ares, 
Environmental Control Systenss (ECS) exist for 
both the lautch vehicle and the spacecraft. Detailed 
descriptions of the capabilities of these systems wo 
provide far spacecraft activity is defined in Section 
4,2. Spacceraft to Ground Equipment Interfaces. 
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Figure $-? Space Laie Compies SLO 38 


$.3.4 BLOCKHOUSE — The blockhouse (Figures 
S- TE and 5-12) serves as the operations 4nd commu: 
Rtyattons center fur the launch complex, lloontaias 
ail necessary cuntral and monitonag equip. 
The launch control, coctrical. landline instrumenta- 
ton. and ground computer stems are the mayor 
systems ia this laciity 

The launch ceatrol provides cumaies and cabding 
tor conte af the launch comples systems. The 
landing iistrumentatioa sstem (coupled witht the 
vhwsed-curcunt TV system) nawitars and records 


sately and portormatce data dung test and launch 


openitions The ground cmpuler s¥ stem cassists af 


redundant computer-controfled launch sets (CCLS: 
and a telemetry ground stauen. The CCLS priniles 
contd aid monitanag of ihe velncke guidance. 
navigation. and cantwel system and momters whi 
cle instramentatiien for patential anuahes durity 
test and Jaunch operstions 

5.3.5 LAUNCH SERVICE BUILDING ~~ The 
launch sevice Pudding (LSB) provides Ue means 
ike crating the launch vehicle mitercunnecting 
vleetrwal wiring between the uimbtical lower und 
the bhnhoese. and kwaling spacectall Soate 
GSE. and a provides thy launching platform. The 


ISB is a tuiestory structure us shawn un Figuse 4-13. 


Figure 5-8 Space Lounct: Compiex SLO-368 at CCAPS 


ma 


age er Sa: tt 
aa 


: roe ae tS 
Hk Sa ty 
© Ee 


_ — 198" 
_ 


ae 
Higa 


by 


ia 


er 


_ 


i 
i 


Prune 5:9 The SLC-368 MSF provsdes access one! enveroomentel peamiaes to the leuack whaele wed pavecteft lareg 
PAIR PRO CIR 


iy * 3 sae. Sites i 


Peecen ser Sueetd 


LR PONTE £6 NRT 


N sr 3 
: 
& Fast 
Ri at 
se 
re 


GSMS 133 RE EY 
Foure $-18 See SLO-HSB awdiiead Seer werk: 
Sev VEE STR Sow Ee Gukik GARY Ot GAA 

"at voligie iaanck. 


Figure 5-11. Test axd iaunch opensnoas ave controlled aad moatoved from tee blockhouse. 
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Figese 3-12. Aantal weve of common SLC-33 hociohoute. 


Figure 3-13 SLC-368 launct wad wrvice busing 
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6* MISSION MANAGEMENT AND 
LAUNCH OPERATIONS SERVICES 


&1 SPACECRAPT/LAUNCH VEHICLE 
INTEGRATION 


Clears communication between the spacecraft and 
isunch vehicle outiractors is vidal to mission suc- 
cess. Paxcedures and interfaces have been osiab- 
listed io delineate areas of responsibiliiy and 


61.6 LAUNCH VEHICLE RESPONSIBILITIES 
~ General Dynamics is responsibie for Adlas de- 
sign, integration, checkout, and launch. This work is 
done primarily at the General Dynamics Space Sys- 
tems Division’s Kearny Mesa Plant in San Diego, 
shown in Figure &1. Major subcontractors are Pratt 
& 


Whitney (upper stage muin engines 


& 


}. Honeywell 


cy 


(inertial navigation unit), and Rockwell Interna- 
lianal— Rocketdyne (Atias engines). As the space- 
craft-to-launch vehicle 
General Dynamics is zesponsible for payload inte- 
gravion (ie., electrical, mechanical. environmental. 
ang eleiiemagnetic compatidility), guidance sys- 
tem sniegration, mission analysis, software Gesign. 


integrating comiractor. 


range safety documentation/support, lauach site 
processing and coordination etc. Generai Dynam- 
ics produces all launch vehicle-related software for 
Atlas launches and is respansible for launch vehicle 
ascent trajectory, data acquisition, performance 
analysis, targeting, guidance analysis. and range 
safety analysis. 


Faure 6-1 Genera! Dynanucs Kearny Mesa Plant 
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6.4.2 SPACECRAFT RESPONSIBILITIES — 
Each spacecraft and mission has un. que require- 
merits. Interested Ailas users are ena -araged to dis- 
cuss their particular needs with General Dynamics. 
Appendix B. spacecraft information requirements. 
can be used as a guide to initiating dislogue. Items in 
bold in Appendix B should be used as the basis for 
the first face-to-face meeting betwecn Genera! 
Dyna: evs and the potential user to assist in determin- 
ing spacecraft/launch vehicle compatibility. Custom- 
ers are encouraged to conlac: General Dynamics to 
verily the latest launch information, inciuding: 

« Hardware status and plans 

* Launch and launch complex schedules 

* Hardware production schedule and casts 

6.13 INTEGRATION MANAGEMENT — For 
each Adas mission. General Dynamics Commercial 
Launcn Serviors assigns a mission program man- 
ages. The mission manager is responsible for overall 
managemen of the particular customer activities at 
San Diego, Cabivssia and at CCAPS, Florida. He is 


the principal interface with the customer for all tech- 
nical and launch vehicte/satellite interface and inte- 
gration matters. The CLS staff (Figure 6-2) supports 
the mission program manager. 

The mission chief engineer assigns a dedicated 
mission integrator for each: Ailas mission. The mis- 
simi WitegrakH is responsible for the timely engi- 
neering integration of the spacecraft with the Auas 
launch vehicle. 


The Commercial Launch Services organization is 
aligned to provide low-risk launch services. As illus- 
trated by Figure 6-3, CLS responds to a customer or- 
det by arranging services fren several oiher 
Organizations. Genera! Dynamics Space Systems 
Division is the subcontractor responsible for Atlas 
production, laurch, and :ussion-peculiar integra- 
uion, CLS has contracts in place with NASA for use 
of the CCAFS isunch compiles and payload infexra- 
on facilities, and with the Air Force for range and 
launch site senioes. Astvotech payload iniegration 
facilities ase cuntiacted for qummettial Atlas 


VIE PERS AEAT AND 
MAMAGIES CAEL TOR 
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Figure 6-3 Commercial Launch Sensces snplesnenis re- 
quired servaces 


launches, with additional support from CCAFS 
when required. 

To provide maxumum efficiency for management 
of the many CCAFS operations, a launch operations 
Manager is assigned to cach mission. He represenis 
the mission manager during development, iniegra- 
Loa, and installation of all spacecraft-peculiar items 
wt the lauach site and arrival of the spacecrait. This 
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progiam orgaruzation concepi has been used suc- 
cessfully for all major Atias programs. 


General Dynamics’ approach to integration man- 
agement is through establishment of a formal Inter- 
face Contro! Document (ICD) agreement and 
formal configuration control following ICD signa- 
ture. Existing ICDs may be adapted to reduce the 
Gevelopment time. Coordination of the tasks re- 
quired to develop and maintain the ICD is accom- 
plished through management and technical working 
gicups. 

61.4 WORKING GROUPS AND RESPONS!- 
BILITIES — In ail phases of the mission, from go- 
ahead to lauach. interface activities between the 
spacecraft and launch vehicle contractors are caor- 
dinated by specialized working groups. These groups. 
wiuch usclude the spacecraft cantraciow as an active 
participant develop schedules. monitor progress. and 
ensure thal the technical and management tasks are 
acowniplishad propertly and on time. Figure 6-4 shows 
the typical working srougs and their respomubiliues. 


© GAGUND TEST Flow 
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The technical working groups can be tailored to 
support unique payload integration requirements. It 
should be noted that technical personnel frequently 
participate in muliiple working groups, where qualifi- 
cations allow, to minimize the personnel requirements 
of the participating contractor. 

The contractor and the working groups exchange 
information through minutes and action items de- 
veloped during the meetings and through coatrol 
drawings aiid other documentation. 


6.1.4.1 Management Working Group (MWG) — 
The technical and program managers comprise the 
Management Working Group (MWG). This group is 
responsible for coordinating and managing the ef- 
ferts of all mission participants throughout all 
phases of the mission. This group establishes policy 
and provides guidelines to the integration effort 
Where interface inconpatibilities are not resolved 
within the working group structure, the MWG pro- 
vides the direction required to achieve spacecraft/ 
launch vehicle system interface compatibility. The 
group also manages the mission integration sched- 
ule, which monitors integration status including in- 
terface documentation, analyses documentation, 
hardware iterchange. and systems and taunch ap- 
erations integrated tests, 


GH.4.5 Technical Work'eg Groups - Technical 
working groups are urganized by function aitd oper- 
ate under MWG authovity. Far items thai requite 
spevialized attentian for resolutinn. tcchaical unter- 
change mecungs (TIMs) can be called by cither the 
MWG or 3 working group. 


6.1.5 MANAGEMENT WORKING G8SOUP 
MEETINGS — The MWG convenes quarterly and 
is altendey’ by representatives ftom GD. the space- 
craft contracts, and the launch services customer. 
The GD MWG senior member is the missing man- 
ageT. who is supported by members of the GD stati 


as required. The MWG meeting provides an overall 
program review, including review of the Master 
Schedule and Interface Scheduling Document 
(ISD), approval of program documentation, and re- 
view of all outstanding action items and action item 
closures since the previous MWG. 


In general, the techitical working groups coavene 
as required to coordinate the integration tasks and 
schedules. Working group meetings are attended by 
the technical representatives from each organiza- 
tion. Meetig objectives include: development of 
data exchange lists. a review of outstanding action 
items, a status of scheduled activities, and a discus- 
sion of ouistanding issues or concerns. 


GD also participates (either in San Diego or at 
the spacecraft facility) in senior management mect- 
ings held every six months. These meetings review 
the overall status of the launch vehicle, spacecraft. 
integration activities, ard other matters that mutu- 
ally interest spacecraft and launch vehicle contractoss. 


6.1.6 INTEGRATION PROGRAM REVIEWS - 
During the integration process, reviews are held to 
focus MansgvAwnt attention on significant mile- 
stones during the launch systeai desiga and launch 
prepatativn process. As with the working group 
meetings. these reviews can be Laikwed ta the uwwer 
requirements: however. for a First-time Lauach, they 
include at least a preliminasy and critical mission- 
peculiar design roview and 3 aussion readiness review. 


In rosagmtion of s valuable “check and balance” 
provided in the pasi by NASA. CLS has established 
an independent techmcal oversight function. This 
group of sentar personnel participates in technical 
ang mission readiness reviews and participates in 


- the formal review processes. Engineering Review 


Board (ERQ) Preliminary Design Review (PDR) 
Crinal Design Review (CDR) and final lausch.. { 


6.1.6.1 Mission-Pecuiiar Design Reviews — Friar to 
initiating detziled mission-peculiar design, GD holds 
a PDR to demonstrate compatibility between the de- 
sign and missicn-peculiar requirements. Prior to cam- 
mitting the design to production. GD conducts aCDR 
to ensure the released design meets the mission-pecu- 
liar requirements. GD prepares and psesenis the re- 
views with participation from the spacecraft 
contractor, launch services customer, and launch vehi- 
cle management. 

6.1.6.2 Mission Readiness Review — This review. 
conducted approximately one week orior to launch, 
provides a final prelaunch assessment of the inte- 
grated spacecraft/launch vehicle system and iaunch 
facility readiness. The Mission Readiness Review 
provides the forum for final assessment of all launch 
system preparations and for the contractors’ indi- 
vidual certifications of launch readiness, 

6.1.7 INTEGRATION CONTROL 
DOCUMENTATION 

6.1.7.1 Mission integration S usdule — This top- 
level schedule is prepared by GD aad munitored by 
the MWG. It maintains .sibitity and control of ail 
major program oulest ne requirements including 
working group muctings, major integrated reviews, 
design and analysis requirestests, and maior launch 
operations tests. It is develo, 2d from the tasks and 
schedule requirerncats identified during the initial 
integratiog meetings and is used by all participating 


véganizations and working groups t3 develop and 


 upuate sub-tier schedules. 


65.7.2 Interfere Requirenvats Documents (IRD) 
~~ The customer creates the IRD to define technical 
and functic.tal tequirements imposed by the sprce- 
oraft on the launch vehicle system. The decument 
contains the applicable spscecraft data identified in 


Appendix B. inforaxation typically given includes: | 


© Mission requirements, including uzbit_parame- 
ters, nusch window parameters, prescparation 


and separation functious, and any special trajec- 
tory requifements such as wermal maneuvers 
and separation over a telemetry and tracking 
ground station 
¢ Spacecraft characteristics. including physical en- 
velone, mass properties, dynamic characteristics, 
contamination requirenicats, acoustic and shock 
requirements, thermal requirements, and any 
special safety issues 
Mechanical and electrical interfaces. including 
spacecraft mounting constraints, spacecraft ac- 
cess requirements, umbilical power. command 
and telemeuy, elecivical bonding, and EMC re- 
quirements 
e Mechanical and clecerical requirements for 
ground equipment and facilities including: space- 
csaft handling equipment, checkout and support 
services, preiawich and launch environmental re- 
quirements, spacecraft. gases and prapeliants, 
spacecraft RF power, and monitor and control 
requirements 


* Tesi operations. inclugung spacecraft integrated 
testing, countduwa operations, and checkout und 
launch suppert 

6.1.7.3 Interface Coateol Bocumeas (IC) ~ This 

uxcument defines sprcecraft-te-launch vehicle and 

launch complex interfaces. AU mussion-peculias se- 
quirements are docemenied inthe (CD. The ICD is 
prepared by GD for the interface Contest Working 

Group and is under configuration custeal after for - 

mal signall, The dosusiem coaiams the techies | 

and functional requirements contained in the IRD, 
and any aduitional requirements dewwlaped duriag 
the integratica. process. The ICD supersedes the 

IRD and is approved with signature by Goth CLS 

and the launch service custamer. 


G14 inierface Scheduling Docament (ISB: ~ 
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data necessary to accompiish integration of ihe 

spacecraft with the Atlas launcii system. The docu- 

ment is prepared by GD for the M‘YG, with inputs 

from the launch service customer. Signatory ap- 

prowal is required from both GD and the customer. 

The ISD reflects actions and agrecments made by 

the MWG, which has responsibility for monitoring 

and reporting schedule status. ISD evenis include 

interface documentation, analyses docuinentation, 

hardware interchange, combined systems tests, and 

launch operations integrated tests. 

6.1.7.5 Mission Design and Anziysis Documenta- 

tion — Mission design and analysis requirements 

are defined ia the ICD. Integration analyses general- 

ty include: 

¢ Flight vehicte trajectory analysis through space- 
craft separation, guidance accuracy analysis. and 
separation analysis 

¢ Spacecraft and launch vehicle coupled loads 
analysis ulizing integrated dynamic models 

© SC-u+LV clearance anaiysis 

* Software development and targeting 

® Mission trajectory-dependent analysis, such as 
payload fairing venting 

© Lausich venicl: stability and control analysis 

» Anaiyus and hardware design w incomorate 
nussion-peculiar changes to the baseline vehicle/ 
launch complex 

* Radio frequeacy compaubility and EED analysis 

* RF Bak analysis 

* EMPEME compatibility analysis 
“Misstan analyses and design are scheduled in the 

huissum integration schedule and are furmally docu- 


> mented in repans generated by GD. Updates are 


_ provided es requised and agreed to during the inte- 
gratina process. Figure 6-5 ts & typical mission inte- 
gration schedule showing whea data is exchanged 


6.2 VEHICLE INTEGRATION/LAUNCH 
OPERATIONS 
6.2.1 QRGANIZATION AND RESPONSISILI- 
TIES — Generai Dynamics provides compiete vehi- 
cle iutcgiation and Launch services for its customers. 
<« system of tacilities, equipment, and personnel 
traiced in launch vehicle/spacecraft integration and 
launch operations is in place. The following subsec- 
tons summarize the types of support and services 
available. Figure 6-6 shows typical factory-to-launch 
operations flow. 
62.1.1 Vehicle/Spaucecraft Integration — GD per- 
forms laucch vehicle/spacecraft integration and in- 
terface verification testing. This testing includes: 
a. Matchmate testing of interface hardware at the 
spacecraft contractor's facility: 
© Prowiype items 
— Fos carly vertiicatioa of design 
— For accessitality to install equipmeni 
— For development of handling/instavation 
procedures 
© Flight items 
- For verificagon of cruical mating interfaces 
prior to hardware delivery to launch site 
— Separation system iastallation 
—~ Bolt hole pattern alignments/indesing 
— Mating surface flatness checks 
~ Electrical ounductivity checks 
— Electrical harness cable lengths 
- Electrical connecios mechanical interface 
compaubilities 
b. Avwnics/electrical system interface tesung in 
the Sysieuis lategration Laboratory (SIL) at San 
Dhega. using a spacecraft simulator or protowpe 
test tems for verifving functional compatibility of 
© Data/insisumentation interfaces 


e Flight conisol signal interfaces 
¢ Pyrotechnic signal interfaces 
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Figure 6-6. Tipneal factory-to-‘cunch operations. 


c. Special development tesis at the launch site: 

© Spacecraft data Sow tests at launch pad (to 
verify spacecraft mission-peculias command, 
control, and/or data retum circuits, both 
hardline and/or RF) . 

® Blectromagnetic compatibility (EMC) tesung 
at the launch pad (to verify spacecrafi, raunch 
vehicle. and lapash pad combined EMC cum- 
pautnlity) 

In addition to integration/interface verification 
test capabilities, General Dynamics uses test tsctli- 
tes in Son Diego w perform system development 
Ne of pertonning tests on large space veluickces (see 
Figure 6&7) Other test facilities, include: 


* Vibsalion test boratory 

e Hydraulic test Laboratory 

© Preumalic high pressure and gas Quw Laiboraiais 

e Propellant tanking test stands 

© Structural test stands fir static and madal testing 

© Combined environmest vibration, acceleraicn 
and tentiperature centrifuge 

© Therasal vacuum test chambers 

° RF radiation laboratory. 

62.1.2 Launch Services — fa addin to its basic 

responsibilities for Ailss desir manufacture, 

checkout, and launch. GD olters the follocing ap- 

eratis integration and dacumentaiian semices in 

suppoi of prcolaunch and launch operations. 
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a. Launch site operations support: 


¢ Prelaunch preparation of the GD-supplied 
payload adapter. nose fairing, and other 
spacecraft support hardware 

¢ Transport of the encapsulated spacecraft to 
the iaunch pad and mating of the encapsu- 
lated assembly wo the izunch vehicle 

e Support of launch vehicle/spacecraft inter- 
face tests 

e Support of spacecraft on-stand lauach readi- 
ness tests (if requested) 

e Prepare for and conduct the joint launch 
countdown 

. Provide basic facility services and assistance in 

installauon of spacecraft ground support equip- 

ment at the lauach site. This typically includes: 

© Installation of spacecraft power, instrumed- 
tation, and control equipment in the lsunch 
services building and binckhouse 

© Proviston of elecuical power, water, gases 
iheliums and GN,) tang-mun cable circuits, and 
on-siand communications 

* Supply of on-stand payload air conditioning 

* Provision of a spacecraft RF repeater systema 
in the mobile service tower (permitting ua- 
stand spacecraft RF testing) 


c. Coordination, preparation and enaitenance af 


required range suppon docunents: 
© Air Force System Command required doce- 
mens ~ Required whenever suppant by any 
cement af the Air Force Satzilite Coatral Pe- 
cility (AFSCEF) is requested 
~— Ordual Requirements Document (ORD) 
~ Detaits all requirements for support 
from the AFSCF remote tracking stations 
(RES) andior saiciite vest center (STC) 
Curing on-osbit fligit operations 


e Range ground safety and flight safety docu- 
mentation as requited by Range Safety Regu- 
lation ESMCR-127-1 
— Missile System Prelaunch Safety Package 
(MSPSP) — Provides detailed technical 
data on all launch vehicle and spacecraft 
hazardous items, which forms the basis 
fos CCAFS approva! of hazardous ground 
operations at the luunch site 

— Flight Data Safety Package — Compiles 
Getailed trajectory and vehicle perform- 
ance data (nominal and dispersed trajec- 
tomies, iastantaneous umpact data, 
Ssigma maximum turn rate data. cic.) 
which forms the basis for CCAFS ap- 
prowal of mission-umque targeted trajec- 
tory 


d. Flight status reporting during launch asceat — 


Real-time data processing of upper stage Right 

telemetry data to provide the faZowing in near- 

real time: 

* Mark event voice calluuts of major flight 
events thraughuut launch ascent 

¢ Gebital parameters of attained parking ard 
Uansfer orbits (from upper stage guidance 
dats} 


© Confirmation uf spacecraft separation. time 
of separatiua, and spaccera®t atutude at sepa- 
Fin’ 


. Transmisiea of spacccratt data via uppers stage 


teitnwtsy (as an opium) — Intericaving a timated 
amaunt of spacecraft data into the upper sispe 
telemetry format and downlinking it.as part of 
the upper stage tght data stream 

Postilight processing of isunch vehicle fight 
data — Quick-louk. prelimunary, and final light , 
cvalusiw repexts ot sclocted Tight data on 3 


timeline and quaniitative basis, as ncgoliated 
with the customer 

6.2.13 Propellaats, Gases, and Ordnance — Minor 

quantities of GNo, liquid nitrogen, GHe. isopropyl 

aicohol, frcon TF. and deionized water are provided 
prior to propellant loading. A hazardous materials 
disposal service is also provided. Spacecraft prope!- 
lants are available at the CCAFS fuei storage depot. 

The United States National Aerospace Standards 

and U.S. Military Specifications that they meet are 

described in Table 6-1. If the spacecraft uses any of 
these propellants, they must be supplied by CCAFS. 

* Sampling and Analysis — Analysis of fluid and 
gas samples is provided as specified in the Inter- 
face Coatrol Document (ICD). 

© Propellant Handling and Stoxage — Short-term 
storage and delivery to the HPF of spacecsait pro- 
pellanis. 

« Ordnance Storage, Handling, and Test — Space- 
caf ordnance and solid motors receiving inspec- 
tion, bridge wire check, ieak test. maxtor buildup, 
motor cold sagk safe and arm check. X-ray, and 
dclisery to HPF Flight units may be stored far 
approimaiciy three months and spares may be 
stored for up to sax months. Other long-torm stoz- 
age is provided on a space-avaulable basis and 

Tcby & 7 eperpoiic propalicats evaiiaWe cn CCAFS Boel 

Boeuge depot 

“Propedane, Hydamne, Standard Grade, ML P-26508 

Propadant, Hydrate, Monooropediand Grade, MILP.26596 

Prapediend, Myonazre Lins-cinedy, eoycraring, MU P.27600 

Moncoronwitart, Singh Punky Mycranine, GL -P-O85360 
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must be asranged for in advance. In addition. 

there is a safe fucility for test and checkout (re- 

ceiving, inspection, lot verification testing) of osd- 
62.2 INTEGRATED TEST PLAN (ITP) — Ali test- 
ing performed during Atias design, development. 
manufacture, launch site checkout, and Launch oo- 
erations is planned and controlled through the Ailas 
Integrated Test Pian (ITP). This encompasses all 
launch vehicle testing, including the spacecraft mis- 
sugn-peculiar equipment and isuach vehicle/space- 
craft integrated tests. 


The {TP documents all phases of testing 13 an or- 
ganized. structured format. It provides the visibility 
necessary tw formulate an integrated test program 
that satisfies overall techmcal requirements and 
provides a manageméat tool lo control test program 

The ITP consisis of an introductory section (de- 
fining test concepts, philasophy. and management 
policies). 3 summary section (providing a systens-by- 
system listing of all tests, requirements, and aoa- 
straints for hardware develapment) and sovwo 


Sections desigaited for seven dilferent phases of 


nents, Bight acceptance. launch site, ety. (see Figure 
6-8)). 


Subsections within these headings canis: of the 
individual wet plans for each Atlas component. s¥s- 
tem. and integrated system and provide the detailed 
fest requirements and parameters necessary 
achieve desited toet objectives. Each subsection is 
issued as 0 Unique stand-slone document. permut- 
Ung is review, approval. ana implementation to be 
auxcomplished independently trom the parent dicu- 
ment. Signatory approval is required from both GD 
and the customer fox all launch vehicle anc space- 
craft wtegrated tests. 


ATLAS USPACECRAFT 
INTEGRATED TEST PLAN 
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4235 ATLAS AND CENTAUR TEST PROCE- 
DURES — Ail wst operations are performed in ac- 
cordance: with documented wei procedures 
prepared by test operations personne! usittg the ap- 
prwed ETP subeections together with enginsering 
drawings and specificauoas. The procedures far 
esting ol Atlas fight hardware are formally re- 
waren appiowd, and released prive to test. The 
mocecures are Venficd as property performed by in. 
spection and made a part of each whicte’s perma- 
nent histury file for use un determining acceptance 

Test procedures are ais documented tor space 
chafi nussion-pecobar hardware acid for joins faaanch 
whike/spacecrait sategraied tosis and operabions. 


Customers are utged to discuss thelr needs with GD 
early in the mission plannuag phosc so that the vari- 
ous interlace and hardware tests can be idenufied 
and panned. Customer persaanel ieview and ap- 
Prove sussketpecuhar tem peacedures aad partad 
pate as required i LV/SC integrated tess. 


624 LAUNCH VEHICLE TASKS — The folie 
ing paragraphs provide an overview of the M pical se- 


quence of sis aud activities performed dining 


manufacture, prelauach checkout, mayw lush 
readiness operations and lausch countdown of the 
Atlas launch veticle. The purpusc is to prowtdls cus- 
wimers with an overview to the perierai flow ani 
werall scope uf activities typically pefonited. 


6.2.4.1 Factory Tests -- Flight vehicle acceptance 
(or factory) tests are performed after final assembly 
is complete. Functional testing is typically per- 
fermed at the system level low-pressure and leak 
checks of the propeJant tanks and intermediate 
bulkhead. checkout of prypellant-level sensing 
probes, verification of all esecurical hamesscs. and 
high-sressure pneumatic checks. 

6.2.4.2 Launch Site Prelaunch Operaticas ~ Fig- 
ure 6-9 shows a typicad Aulas checkout and launch 
operations sequene. Upon arnval atic launch 
site, ali launch vehicle items are inspectesd pride to 
erection on the launch pad. 

Following erection of the Atlas and connection of 
ground umbitical lines, subsystem and system-igvel 
tests are performed to veniy compauiniity betwecn 
astborne systems and associsted ground support 
Guipment in prepare tion for subsequent inicgrated 
S¥stern tests. 

The payload fainting habs and payload adapter 
are prepared for spaceecait encapsudaiiens ti the 
HPF (see Figure 615) fwo many fests are par- 
formed beluwe the Launch veliets and launch pad are 
prepared to accept the spacecraft and statt ints 


graled operabas. 
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© Launch Venncle Sumulated Flight —. This first ma- 
jor launch vehicle test verifies that all integrated 
Atlas and Centaur ground ang airborne electrical 
systems are ciunpatible and capable of proper it- 
tegratad sywtem operation througioul 3 stau- 
lated launch countdown and plus-coumt Bigni 
sequence. 

Her Dress Refwarsal (WDR) ~ The WDR is 3 
tanking test to verity the readiness of ali greased 
and airbome hardware, 2ll support funcuons, the 
iauach countdown procedure, and afl Atias and 
spacecralt system tanach operations perenne! 
assigned launch countdown responsibilities. Al- 
though pad operations and selected system 16- 
SfRMINS are simulated, the WDE demunstratcs 
shat the inteevated Ailes ground. aitborne. end 
assisted launch suggor functuais, ucluding 
range uperaliors, are ready to supgeyt lawesa ap- 
eratewns. 
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bused ficht and SVDE operations, ARRough space- 
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6.2.43 integraied Operations — Following suc- 

cessful WDR. the launch vehicie and launch pad are 

prepared te accept the spacecraft and commence- 
ment of integrated operations. Major prclau:.ch in- 
tegrated test and operations include: 

° Encapsuisted spacecraft positioning in mobile 
service tower (MST) and mate to the launch 
vehicle. 

° Performance of spacecraft fight readiness and 
system funcuonal tests. including miss:on-peculiai 
command. control, and data return circuits. both 


Day ordnance electrical connection. RF silence 
can be scheduled during the launch countdown to 
support spacecraft ordnance connection. 
Hydrazine loading: Access to the MST is re- | 
stricted duriag the off-shift hours between L-3 


and L-4 Day during Atlas and Centaur hydraane 


Lightning: Cloud-to-ground lightning within five 
miles of the launch complex after fuel or ordnance 
is installed requires pad clearing of all personnel. 


Hurricanes: The MST is designed and proce- 


hardline and RF. 
* Composite Electrical Readiness Test (CERT). 
which includes space vehicle and launch vehicle 


dures are in place to secure the launch vehicle and 

MST for hurvicane conditions. 

A summiaiy listing of ihe tasks versus their ap- 
proximate Jaunch-day schedule (launch days are cal- 
endar davs before launch) is provided in Table 6-2. 
6.2.4.4 Launch Countdown Operations — The At- 
las launch countdown consists of an approximate 


storage tank fueling operations. 
operating through an integrated simulation of the 
final minutes of launch countdown and the plus- 
count flight sequence. 
* Final launch readiness preparations. including 
tne following major tasks: nine- to ten-hour count, which includes two built-in 
— Centaur NoH, tanking holds — one at T-90 minutes (for 50 minutes) and the 
~ Atlas booster NzH, tanking 


— Atlas RP-1 tankiap 


second at T-5 minutes (for 10 minutes) — to enhance 
the lausch-<ur-time capability (see Figure 6-11). 


— Pyrotechnic installation GD's launch conductor performs the overall 

; as — 2 ae lauach countdown for the jotal vehicle. The launch 
: re pe nein pie eescbaes oe management is designed for customers and General 
als ene oo, palit Dynamics efficiencies and control elements (see 
~~ Spacecraft servicing as required Sigur. 12), 
—~ Launch vehicle coseout Spacecraft operauons during the countdown 


Beet aye apis 2 * i : 
— Centaur C-band radar transponder end should be ountroiled by a spacecraft test conductor 


S-band tlemety tests Tabiy 6-2 S accrnh-day task schedule 


A mmo aerate 


—e 


— Fheht termination system test 2 Uday 
— Atlas final ordnarce tasks. « Ground and autcene systems faaciness tes Lt 
; , * Sa-uongtorung ow test omtionud ter QC} L-4 
ali operatic . . w € 
For ali operations following spacecralt mate, the ° Hycranme wating of Canta reaction Lad 
ielowing  ooidiuens imps operational Contrad Syqm 
2. os sed « ass AP. Tang L-3 
CONSTAIAS: « Pyrensetyruc neta laont i-3 
* RF silence: RF ster .¢ is nequized for eaght hours. a ee ae 
sale, ; : + Crcinance Sinod seta tatans anal Rocke t-* 
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2. START $0 WNITULIZATION PREPS i 
3 START TOWER GEMOVAL 1-120 MINUTES 
4. BURT-IN HOLD FOR 20 MINUTES 7-69 MIRUTES 
§ START CENTAUR (0, TANKING 1-75 MIKUTES 
6 ARM SPACECRAF? SRA/STRAT ATLAS 
Ud, TANKING 1-55 MINUTES 
7 START CENTAUR.Ut, TANG 1-43 MAUTES 
&. 7-5 & POLDSG FCM 10 MEKUTES 1-5 MUWUTES 
9 ATLYS TO (NTERRAL POWER 1-620 MENUTIS 
10. CENTAUA TO INTERNAL POWER T-2Q0 MARUTES 
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located either in the Complex 36 Blockhouse or at 
some other spacecrafi control center (e.2. in the 
spacecraft checkout facility) at the option of the 
spacecraft customer. 

As launch pad integrator. GD prepares the over- 
all countdown procedure for launch of tite vehicle. 

Typically. however. the spacecraft agency pre- 
pares its own launch countdown procedure fer con- 
trolling spacecraft operations. The two procedures 
are then integrated in a manner that satisfies the op- 
erauions and safety requirements of both and pez- 
mits a synchronization of tasks through periodic 
status checks at predetermined times early in the 
count and a complete mesh of operations during the 
final steps leading to final commitial to launch. 
6.2.8 LAUNCH CAPABILITY — In addition to the 
scheduled 30-minute and 10-minute countdown 
holds, additional hold time can be scheduted for up 
to two additional hours uncer normal environamen- 
tal conditions or until end of the scheduled Saunch 
window, whichever comes first. 
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Launch window restrictions have typically been de- 
termined by the spacecraft mission requirements. The 
Auas launch vehicle essentially does no: have launch 
window constraints beyond those of the mission. 
62.6 LAUNCH POSTPONEMENTS 
$2.61 Launch Abort/Launch Vebicle 24-Hour Re- 


cycle Capability ~- Prioz to T-4 seconds {when the | 


Apper stage aft panel is ejected), the laench vehicle 
has a 24-hour tumaround capability fullowing a 
launch abort due to 2 non-launch vehicle/GSE prob- 
lern. If the abort occurs after secusing the interstage 
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adapter area, access to it will be required to service 
the N2H, system. 

6.2.62 Launch Abort/Lauach Vehicle 48-Hoar Re- 
éyele Requireisaent — A launch abort after T-4 sec- 
onds and prior to T-0.7 seconds requires a 48-hour 
recycle. The principal season for a 48-hour recycle 
versus a 24-hour recycle is the added timie require- 
ment for replacing the upper stage aft panel (ejected 
at T-4 seconds) and the removal and replacement of 
the propellant pressunzation lines pyro valves (fired 
at T-2 seconds). 
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7+ ATLAS ENHANCEMENT OPTIONS 


General Dynamics has identified the vehicle modifi- 
cations for the Atlas family to perform altemate 
types cf missions. In addition, we are developing a 
performance enhancement package for the Atlas 
IA and ILAS vehicles, which wili be available in the 
second quarter of 1993. 

This section addresses the following modifications: 
© Block 1 performance enhancemeats 
* Centaur extended mission kit 
¢ Structural uprates for heavy payiwads 
@ Lengthened 14-foot payload (airing — 


7.44 BLOCK 1 PERFORMANCE 
ENHANCEMENTS | 


tisfied, please contact us to discuss additional per- 
formance enhancement options. 


7.2 CENTAUR EXTENDED MISSION KIT 

The majority of previous Atlas/Centaur missions 
have been to GTO. This type of mission typically re- 
quires two Centaur burs and a relatively short. 
15-minute parking-orbit coast. For other types of 
missions, such as low Earth orbit (LEO), high Earth 


. Orbit (HEO), and planetary missions. the parking 


orbit coast period can be much longer. General Dy- 


_ ‘Gamics has investigated the issues associated with 


General Dynamics is developing a performance en- 
hancement package to increase the performance of 


the Atlas ILA and IAS vehicles. Thess enhanced 


configurations will be available in the second quar- 


ter of 1993. The enhancement package uses vehicle 
modifications that asc sisaightforward and do not 
affect system reliability or operability. The en- 
hanced Ailas ILA and IAS configurations feature 
an uprated Centaur engine, he RLIGA-+-1. This en- 
gine offers a thrust increase of 1.500 ib (22.300 tb 
thrust) and an Ly increase of 2 seconds (451 sec Lp). 
The Centaur forward and aft bulkieads will incoz- 
porate lighter weight and more efficient insulation 
materials. The air-lit solid rocket motors on the At- 
las ILAS are being modified to decrease the nozzle 
cant angle and increase the component of axial 
thrust. In addition, several flight software and mis- 
sion Gesign enhancements ate being developed to 
further optimize the ascen? phase. The performance 
yields for the enhanced Aulas ILA and ILAS are in- 
cluded in Section 2 

Hf an initial performance assessment undicates 
that a particular mission's requirements are not $a- 


q-1 


Centaur .perfeuming an extended parking orbit 
coast. These include propellant management, ther- 
mal contro! of cumpaninis, and space vehicle power 


- goquirements. We are developing a mission-peculiar 


kat that will allow Cestser tv perform parking orbit 


~ “eoasts of up to 90 minutes. The Centaur is modifies 


to incorporate. an additional helium bottle, a bal 
anced vent system for the liquid oxygen tank, and ra- 
diation shielding on the LO: tank sidewall (Figure 
7-1). The Ceataur’s avionic and electrical compo- i 
nents will be covered with spectal thermal paints and 


tapes, and additional radiation shielding to maim - 


iain their operating temperatures (Figure 7-2), This 
kit will be availabe in the secoud quarter of 1993 for 
use on tie Atlas ITA and [LAS vehicizs. 


97.3 HEAVY PAYLOAD UPRATES 

For LEO missions. the vehicle performance capabil- 
ity cxceeds the structural capability of Ccaiaur’s 
equipment module and payload adapters. General 
Dynaniics has investigated the vehicle modifications 
required to launch paytoads in the 10,000 18.000 ib 
(4550 ti 8200 kg) range. Based on the configuration 
of the spacecraft. either a 62-inch (1575 mm) ov a 
105-iech (2667 mm) diameter mechanical interface 
can he provided with minor Centaur modilicauians. 
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Figure 7-1. Centaur aft buikkead for atended coasts 


The é24ach (1575 mm) diameter interface sould 
be provided by strengthening the current equipanent 
module. The changes are straightforwatd and in- 
thade increasing the cross sectinzal area of the for- 
ward ring and incressing the gauge of the stringers. 

REMOTE 
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Figure 7-2. Tipecal Conta apap maise for a- 


This option offers the same bolted interface and 
slayoul ames asthe wasting equipment module. The 
structural capability of the sirengihened equipment ( 
module is shown in Figure 3-3. it should be noted 
that if ag application exceeds this cusve, additional 
strengthening of the equipment madulz ts possible. 
A tissioa-unique payload adapier and separation 
system mates with the twp of the equipment module 
and can be provided | y ether General Dynamics oF 
the spacecratt manufacturer. 


For extremely large or heavy spacecraft. the 
165-inch (2667 nun) diameter interface offers great- 
er stiffness and structural capability than the 
62-inch (1575 mm) interface. This concept features a 
truss adapter, wiuch is similar in design to those 
flown on NASA's Viking program (Figure 7-4). 


The design incorporates an aft torque box and 
multiple hard paunis on the Centaur equpmeant mod- 
we and an intercostal in the stud adapter (Figure 
7-3). A seties of steuts attach to the hard points and 
support a forward torque box. The forward torque 
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Figure 7-3, Strengthened equipment module stirscturel capabristy. 


bax provides a bolted interface. The structural capa- 
bility of the truss adapter is shown in Figure 7-5. It 
should again be noted that. if an application excecds 
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- Figure 7-4. Viking truss ackater for heavy Spacecraft. 


this curve. the design can be strengthened to match a 
particular application. The mission-unique payload 
adapter and separation sysiem that mates with the 
top of the truss can be provided by either General 
Dynamics or the spacecraft manufacturer. 

7.4 LENGTHENED 14-FOOT PAYLOAD 

FAIRING 

For spacecraft that exceed the height of the standard 
14-foot (4.2 
tengthened fairing. The fairing can be readily length- 
ened up to 3 feet (914.4 mm) by inconporating a 
spacer at the forward end of the cylindrical section 
(Figure 7-7). This concept has been used previously 
on other Alas payload fairings. The launch avail- 
ability of the lengthened vehicle is maintained 
Uough minor modifications to the Centaur. The 
paywad envelope for a lenglhened fairing is shown 
in Figure 7-8 


m) payload fairing, we can cevelop a 


Figure 7-5. Truss adapter for heavy poylouds 
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© Figure 7-8 Posoud eaedope for lagtioned payiaad poring 


8 ¢ WEST COAST ATLAS LAUNCH CAPABILITY 


Missions to Sun-cynchronous, polar, and stable 
63.4-degree inclined osbiis are more reacily launched 
from a West Coast launch facility than from Cape 
be employed and range safety resiictions are auini- 
nuzed from a West Coast site. General Dynamics has 
{USAS) planning to place AvasCentaur capability at 
Vandenberg Air Force Base (VAFB) in California 


Plans have been defined for modification of Space — 


Launch Complex 3E (SLC-38) at VAP for the Adas 
Tt family. This section desesibes Use Atlas West Coast 


lt should be noted that capability to izuach the 
Aiiss H, SEA, and ILAS feors VAEB does aad correns- 
ly exist, bei the USAF Bas 0 plon te develop this o9- 
pability, When this capability becemmes a realiix, 
projected for £996, the facility will be eeued by the 
USAF and will be intraded to be used far U.S. Gaw- 


GnAbELcS) | 


customers other than the U.S. Goverouneni will re- 
quire USAF concurrence. 

SLC-3E modifications, as summusized in the fol- 
lowing pages, have been discussed in detail with the 
USAF Over the last neo decades, NASA and the Air 
Force have shared the use af SLC-3 facilities for the 
TIROS-N. SEASAE GEOSAT and NOAA 
programs. Coxtinued NASA-USAF cooperation is 
expected for future West Caast launches with the At- 
las li family of lnunch vewicles. 


$1 FACILITY LOCATIONS 


Atlas lunch fectiities at VAFR are incated at Saace 
Lawach Complex 3.(SLC-3) as dlustrated in Figure 
&i. SLO-JE is located approxisiately seven miles 
approximately four miles fears RASA Bulidiag 836. 
Fey reference, the locations af SLC, SiK-6. and 


Piguse 8 4. Locction of icamrhs Scdiees ot VAFB. 


I} famiiy of launch vehicles and/ox for payload 
operations. 
&2 ATLAS HISTORY AT SLC-3 
Originally designated as Point Arguello Launch 
Complex 1 (PALC-1), the SLC-3 launch facility was 
developed by the U.S. Navy to launch the Ailas D 
onaster with an Agena upper slage. Using the 
dual-pad capability. a total of 18 Ailas/Agena ve- 
hicles were launched from PALC-1 between 1960 
and 1963. Upen completion af this Adas program. 
Pad i was converted to launch ThorAgena vehicles. 
and Pad 2 was placed in a wunimum caretaker 
status. 

In 1965, Pad 2 was configured to launch the Adas 
Stasuissd Launch Vehicle (SLV-3) a space Lunch 

hick design based an the Ailzs D ICBM sysicm. 
In 198, the US. Nawy Point Agueile facility was as- 
signed to the U.S. Air Force along with rsponsidd- 
ity for all space and mussile hunch Waitiss. 
Subsequently, PALC-1 was revesignaicd be the 
USAF as Space Launch Complex 3. and Pauls i and 
2 were redesignated SLC-SW (West) and SLO.3E 
(East) respectively. 

Between 183 and 1972, 38 Thos Agena wiscles 
were tsuncied frown SUC.IW. i 1972, madhficatian 
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of SLC-3W was initiated to accammodate Atlas E/F 
ICBM vehicies refurbished for space launch opera- 
tions. SLC-3W remains in this configuration with 
additional Adas E launches planned through 1993. 

In 1966, three additional Atlas/Agena vehicles 
were launchec from SLC-3E, and between 1966 and 
1968, four SLV-3s were launched. Following the final 
SLV-3 launch, SLC-3E was retumed to minimum 
caretaker status until 1975, at which time it was mo- 
dified to launch Atlas E/F vehicles in support of the 
Giobai Positioning Svstem (GPS) program. SLC-3E 
was subsequently retumed to the Atlas D configura- 
vom in 1982 to supperi the USAF Atlas H program. 
Betwoen 1983 and 1987, five Atlas H vehicles were 
successfully laueched from SLC-3E, followed by te- 
turn of the lauach pud to aiinimum caretakers status 
(current status) 

The history of SLO-3 is summarized in Figure $2 
83 ATLAS Ul SITE DEVELOPMENT 
a3. CONCEPT STUDIES — tc 1989. General 
Dynaaucs mangmzed that the plaaned DoD space 
launch capabiitv at VAS had a significant per- 
dommance gap Unt. af filed by the Adis Hi foauly. 
wuld sipnificantiy benefit payiead missaan plan- 
ning. Weth an Atlas MAS launch capaiwiy at VAFB. 
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a payload of 7300 kg (18, 100 Db) could be delivered into 
& low polar orbit, 


This launch vehicle performance assessment 
resulted ir initial General Dynamics studies to de- 
fine the SLC-3E modification requirements that 
would be necessary to establish the Aths I West 
Coast capability. Top-level requirements. technical 
approaches, cost estimates, and site activation 
schedules were developed and provided to the 
USAF Subsequent USAF interest in the Ailas fi ca- 
pability resulted in General Dynamics development 
of a launch feasibility study. 


8.3.2 DEVELOPMENT STATUS — Throughau: 
1990, General Dynamics developed system -tevel and 
detailed requirements for SLC-3E activation. Coin- 
cident with this Genera! Dynamics activity. USAF 
initisted the required envizonmental inpactenvi- 
ronmental approval (EA} process with Sania Bar- 
bara County in October 1990) aad final EA approval 
was received in July 1991, 


Activity during 9X0 included range safety studica 
tor the Atlas FLAS. Flight safety asceai event se- 
quencing was developed to ensure that solid rocket 
booster jetlisimi cveats would result in SRB casing 
unpacts clear of all Lind masses. sicluding the Santa 
Barbora Channei Islands, In addition, explasive st- 
ing studies venfied that Atlas HAS quanitity- 
distance iQD) salsty cntena were in camplaaos with 
the existing SLC-JE QL capiosive siting envelope. 
Recent activities have included devebopang require: 
ments Gocuments tor the faailay and ground sup: 
pat equipment, plans for use of the existing facility. 
ang activation schedives. 

84 REQUIRED FACILITY MODIFICATIONS 

The upgrade of SLC-3E from the existing Atlas H 
configuration to an Ailas [LAS launch pad involves 
design and unstallation of new hardware, modifixa- 


2 


Won of some existing hardware, and use of some @- 
The activation plan for SLC-3E includes retoca- 

tion of the Adias Launch Coatrai Center (LCC) from 

the existing Bhkhouse to Building &510. Building 

7525 bas adequate space for Centaur receiving in- 

spection to be performed in this facility. The SLC+ 

gaseous nitrogen (GN2) pipeline is planned to be ex- 

tended w SLC-3, thus providing a high-volume. 

high-pzessure supply to the SLC-3 site. 

84.1 OVERALL DESCRIPTION — Figure 5-3 

provides an overall deseripuon of the launch site up- 

grades required to achieve SLC-3 launch capability 

for Ube Auas Ul family of veluctes. New anc modified 

equipment ts identified in these cures by shading. 

Some of the move significant upgrades inside: 

* New motile service tower (MST) 

° New umbilical tawer 

* Modiad exhaust dust with quntoured Jelicuon 
ange similar to SLC-% 

e New Centaur Ly storage areca 

* Modified LO» storage area 

© New GN: pipeline from SLC with receivingydis- 
inbutios station 

* New MST bridge. embankment, uacks and 
Gedounis 

° New flare stuck for LIN: storage tank buat 
Uisposal 

&5 SITE ACTIVATION SCHEDULE 

General Denamucs studs and current schedules 

are wiended to support a 196 Launch capability. 

26 MISSION DESIGN 

The Range Safety requirements of a West Coast 

lauach site perqut high-inclnation orbits not easily 

avmueved from Florida. Highly inctined orbits, 
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Figure 8-4 Auwoicd’ 
03.4-depree inclination orbits, are readily aciucved 
fiaan VAFB with near-dee south launch azimuths. 


Trajectory Design -- Atcas bunches fram VAFS 


] "(UBM De 


will use ascent profile sequencing and tragectany de> - 


sign (direct ascent, parking orbit ascent) simular to 
iho Fast Coast couetemarts. Ascent mitstan sc- 
Quvning parameters wil be cltered to reflect safety, 
land wurtlight, and haniwase petlison canstraints 
impaaed by the U.S. Air Force Sith Space Wing, Ftg- 
ute Sed llustrates suveeal candidate isunch azimuths 
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VEL TRACE aOR ORB ASCENT 


associated with desired inclination final orhits. Fig- 
ure 8-5 illu. trates ground waces for a reference di- 
rect ascent and parking orbit ascent mission to a low 
Earth orbit. As 2 note. parking orbit ascent missions 
to LEO utilize chert-burm constraints and the lang- 
coast kit as described im Sections 13.4 and 
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67 ATLAS PERFORMANCE CAPASILITY 
from VAFS for tanh circular and clinics! ordats. The 


eee 


ge canamlity 
perlsmance cuives represeni the maximum ca0ubeh- 
ty Wo the specified abits with g three-sigma (WSTE) 
probabaly. Gree specific spanecrait mass properties 
dais, penpals: data. mismsen whesuves, and missin 
comtranus are identified, additkenal performance in- 
fpatiatoaa cas he devloped ts specifically ackdress the 
UME nen ToQuifemenss, 

Pasiosd Systems Weight — As noted in Sect 2 
pettormance capabilities quucd thrugheut thre 
Gacuanit are presented in terms of pavknud syiems 
weight. Putacd stews eeiget (P91) os dalined oc the 
fond mass daeordd fo the torset orbit, anvitading ste 
sepurated spucecnsht, any cea ecru iofatatck pokeete 
waver aad all other buntaare rogueresd it thee Las 8 
werecle dp sanpent ce paviens? (anand fit lermiatia- 
bust SSE, Raswessoag. He.) The weight of the heavy 
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Fa 8-5 Groce goves fe LEO acess oe Ahr 
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pasload adagter system, including changes to the 
Ceataur forward equipment madgie, sind adapiez, 
and the truss adapter, are considered part of the 
payicad required hardware e2d must be subiracied 
fram payload systeuss weighi to determine space- 
erat mass capabiligx Payload hardware require- 
mens vary from muissinn ta mission and depen 
upon payiaad interface requirements ard gaylens 
design custraints. Te furtie: develop the Ale-pea- 


hardware bs! has bean deve 3 acai 
Table $1. This tabi 
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Perfarmence Grouad Rules ~ The Atlas perform- 
ance capacities presented in this section are based 
on the Uajectory design ground rules listed in Table 
8&2 and shown oa each plow 


Performance is shown in Figures 8-4 inraugh 8-8. 
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tim + F ~, 
riperts & G3 ain] Lib show Atlas Hi rerformanes c3- 


it 


painities Figuies &-74 ari §-Th show Addas HA 


gp 


3: vehicle performancy ia the specified orbits. 
Figures 2eg and 8-Sb show Atlas LIAS performance: 

capabibues, Within each figure, the frst and second 
curves the ditc.: ascent performance fo elliptical 
ocines, aid the turd and faurta show beh dinact and 


privkatiy dis? ascent perlosmance to circular orbits. 


Many of the trajectory design carciraais. imtud- 
ig jottisca cTitens, mentes # staging level. ground te- 
lemetty ceistraints, and parking and trensier orbit 
Serigse slitinies can be mewified to satesty apectiic 
Misditsl iequétenoais. The performance elfccts of 


edjusting these parameters are muaeei<dependent” 


B71 UNE-BURN RELIPTICA! ORBIT CARt- 
BILITY — As discuned previously, Aties cat place 
pay aads into ciiigecal orbats with bow pengee ake 
tudes and desired apmave sittactes wa the direct as- 
sent Waselsy design. Figures §-6 thizkigh SS chow 
ditey? aunt clipacal arb perfuemaine foe Ata 
i. Atins HA. abe Adias FAS, respeativedy. With this 

trayctery vosign. Contay: mieces the paylaid inte 
iranster stat with a pertece alutude af Mab nom 
(iSS ken amd oan argument: oof perece of 
approumately 175 deurces. Perfosrmance for varius 
The efhpucal 
wit perfarmaace curves labeled Sun-senchronags 


iainatians i thoen as cach plot 


assume that the spaccerat crculastaes the orivt at 
apogee inte the finai pueins ater. The 
marking ovba ascent dokiga Deeashe: the better 


chaos with or bet parameter targets dificult torach 


with a direct awent destgn 


Table 8-2. Atlas trajectory design ground rules. 


“Payload Fairing Size 


— AY performance curves assume the standard lange payload fanny 


— 


Heavy Payload Adapter — User must reduce performance (PSW) to incéude effects of heavy payfaad interface 
Flight Performance Resave (FPR) — Catan propellant has been allocated for a $9.87% assurance (3-sigma) of achiev 
Capabilty 


ing the quoted performance 


Parking Orb Perigee Alitude — The minimum parking orb parigee ailtiuta is 60 nmi 1144 km). This constraint applies to 


Payload Fairing Jettieon Criteria — Jedison occurs only after the 3-s.igma QV < 360 Bash-he? (1135 W/m?) 
Booster Staging Acceteraiion Levat - Gooster phase is tern mailed when the nominal azial acceleration leve: reaches 
target levein. For LEO missions, BECO ocow’s a! 5.29 for Atlas i1A and §.0¢9 for Atas NAS. 


Range Sefety — Tha ineturtaneous Impact Poird (li) race anc impact points of ipttisoned mems are constrained to clear 
and mass by Getances tat saticty VAFB ranges Safety requirements 
Launch Aximuties - 62.0- and @0cegree incknod ortel cases use unc azimuth conerast ot 185 degreas, wah yaw tn 


$.7.2 ONE-BURN C IRCULAR ORBIT CAPABIL- 


iTY — The single burn to cifculac orbit is achieved 
with Centaur targeting directly inte the desired cir- 


cular orbit. From Figures 86 Uirsugh 8.8, it is ‘clesar 
that the direct ascent to circular orbit is aiivanta- 
ceous for lew-aliitude orbits, As altitude increases, 


vt bocames more advantagcuus (0 use the parking 


int ascent design. 


87.3 TWO-SURN CIRCULAR ORBIT CAPSEIL- 
WV — Parking amtat ascent te civeulay ortni 
missions ullize a pareing ortit design te achieve 
qanimunr mission performance while omectag 
Ceisur aperatioral constraints The perfermaice 
quked in this sQctaN) assumes ¢ parking arhit 
perigee altitude of M0 nmi (148 km) Sines parking 
abit woast limes are Increased for higher-zititede 
circular orbits, an extended mission hit was sddad tw 


ee 


-GSB910585-166 
Centaur to meet the higher RCS, tank pressuriza- 


tion, and electrical ouwer recuirementic associated _ 
with the longer coast mission. 


Sd GUIDANCE/SEPARATION POINTING. 
ACCURACIES 


The Atias 1 family’s combination af precision n guid 
ance hardware with flexible guuiance software pro- 
vides accurate payinad injection conditions far a 
wide variety of missions. The minimal data required 
lw specify targeted end conditions provides for rapid 
preflight retargeting in response to changing mis: 
sium requirements. These functional capabilities 
have been demonstrated an many LEO, gausynchto- 
nous oF tit, lunay. and itenplanctary missing. 


Accuracy for a variety of Earth-orbital ntissains 
is ditplayed in Tatle 8-3 and is typical af the 
three-sigma accuracies following final upper 
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Table 8-3. Typacal injection oct acies at spacecraft separation. 


Orde of Centaur/Spacecraft Separation 
inctination of Parigse RAAN 

Mission deg) (deQ) 

LEO (Eilipticai)' ; 0.05 
(770) 

LEO (Bitipica}? 3a $8.2 31 o7 0.07 0.29 0.05 
(705) 6.7 (1.3) 

LEO (Cecula} 216 60.0 24 24 0:06 N/A 0.06 
(400) (44) (4.4) . 

LEO (Carcutas) 38 982 ar 2? 0.07 NA 0.05 


NA — Not Appicabie 
* 1S0snevi (278 kim) penges aktuce 
* 10O-rwni (185 km) pengee aituce 
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APPENDIX A ¢ ATLAS HISTORY 


A.1 BACKGROUND 
Atlas is built by General Dynamics Space Systems 
Division. Major subcontractors include Honeywell 
for the guidance/navigation system, and Pratt & 
Whitney and Rocketdvie for the propulsion sys- 
tems. Principal vehicle characteristics include: 
e Efficient pressure-stabilized stainless steel struc- 
ture for high-stage mass fraction 
* High-energy liquid hydrogen and oxygen propel- 
lant upper stage 
® Advanced inertial cuidance and contin hardware 
and software for high accuracy and Roubility 
© Proven record of reliability and launch depend- 
ability for funar. planetary. and Earth-orbit 
MESSHMES. 
There have been S13 Atias flights since the thrst 
research and develapment launch in 1957. Centaur 
hz Atica upg age) hat owe TY times. ue lading 


sever missitets ca the Titan HELE baaster. 


The first successful flight of Centaur atop Atlas 
wecurted in Nuvember i963. This wae the eawid’s 


fikst in-flyght gait ad a hydnagen-powered vehi | 


ghe. Three years later. Centaur performed the first 
successful space restart of fiquid hydrogen engines 
in October 1966. With this Right. the Centaur te- 
search and develapment phase was cumpleted aad 
Centaur became fully agtrataeal. 

Over 2 IRycar period. 73 spacecraft of diverse 
types and applications have been iitegrated and 
launched with AtlawCentaur Alihiugh the monn 
and dlancts have bien special domains fiw Athis and 
Centaur, and a wide range of Earth orbiting pre 
grams have deen accominodated, Allustlentaur’s 
recent usage has been principally for commercial 
wid pWerntment commuicalions saicllite mussions 


AQ 


 MUMATE OF FONTS 


Figure A-1 itiusizates the diverse range of aiissions, 
mission types, and customers of the 73 Atias/ 
Centaurs. 

Vehicle reliability has shown a steady growth. To- 
day's Atlas has demoastrated a flight reliability re- 
cord of 94% based on the Durne methodology. 


For the U.S. and Eurepean governments, this te- 
cord has signified depeadability in the entrustrncnt 
of vitaliy important scientifi: missions to Atlas and 
Centaur. For prior and new commercial customers. 
it ensures o#-time, successfu! Launches and cateilite 
system revenue. Far General Dynamics, it repre- 


A Baik 
fo! 


t 
? 


i 
at 


: * 
Laine renew saiacemssmetlini ithe 


£ 
ae oe 


5 
‘ d t 


+GSaa eas 119 
Faure 4-1 Showse povosds demosutrate Milas versablaty 


sents pride in playing an integral part in successful 
space programs for more than WO) years. 


A.2 DEVELOPMENT 

Gcneral Dynamics’ launch vehicie system develop- 
ment experience dates from the mid- 19405. when ini- 
tial studies began to explore the feasibility of 
long-range ballistic missiles. Atlas ewuived through 
various Air Farce and NASA programs toward its 
present role as a highly efficient space launch vehicle 
(see Figure A-2). 


Versions of Atlas were built specifically for 
manned and unmanned space missions and as a 
bouster for Centaur, the high-energy upper stage de- 
sigacd tocatry NASA spacecraft on lunar and plan- 
ciary sussions. As payhhad weights increased, 
requirements were met by Adas improvemenis, in- 
cluding increased propeliant tank sizes and uprated 
chine performance (Figure A-3). 


tn S981. the Atlas G booster for Centaur was de- 
velaped to iinprwe Alay Centaur gerfoemance by 
ietedsing propellant capacity and uprating engine 
thrust. Nawe that evolutionary step, Atlas G has had 
“sak successful fights. ‘This is the baschine vehicle, 
whicts 1s bewy uprated Wo provide the Attias §, TL ETAL 
and TWAS family. 


Centaur, our high-energy upper siage. has ziso 
followed an evalutionzy development to reach tts 
Centaur Il and TiA configurations (see Figure A-4). 
Develapment began on Centaur in 148 as a means 
to carty NASA spacecraft oa lunar and planetary 
mussions. It was the first upper stage to use liquid 
hydrogen fue!. It also required the deve 
improved avionics capable of guiding its initial pay- 
luads on lunar missions. Throughout the develop- 
ment history of Centaur, the avionics have 
continually been upgraded to provide outstanding 
ortutal insertion accuracy wiule balancing cust and 
weight consideraiions. 


ment of 


Sentaur YW performance impreements inclede- 
design changes ta sivetch the tank structure, which. 
like Atlas. is a stamlbess sige) preasure-statiliaed 
sisucture. Shuts Centaur and Titan IWACentaur 
configuratians required a lengthening of the quid 
oayges (afi) tank and expanse of the diameter of 
the liquid hedragen tank to VN aches (4.32 meters) 
frown the PSbencd (3.05-meter} diameter to increaw 
fuel capacity. 

AS MISSION INTEGRATION 

The mact challenging past of our angomy) effet is 
MAShIN (Htegraten. We have mtegiated aver Ml dif. 
forent types of spaceceat with bath Atlas aid Cen- 
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Fore 0-3 Alas parfareewe Meas increuin! mist nace 
taur, providing mission-peculiar analyses and 
Seugn. verifications testing. waterface deficition and 
| documentation, and other services as seeded for a 
multitude of scientific and oommerial payloads 
The Getieral Dynamics team has develuged the siuil 
Tequired to integrate payluads and accomplish the 
RUENT-fo-osuen changes thst are typeally re- 
Quited ty accumumudate evulving needs. 


A4 FLIGHT HISTORY 

The quality of Augs and Centaur launch services, as 
Cenwonstrated by mission success, a excellent, with a 
continuous Atlas space launch success record far 4 
vehicles over the last Id years. Centaur had a string 
of 42 operational successes between 1971 and IS4. 
ov Doth Adas and Titan txwsters. Table A-! tabu. 
lates the total operstiwtal recard af Attas Centaur 
a5 a combined vehick, after cignt RED fights. Cor- 
fective actions for fight failures were ineurporsted. 


and ao failutes were tupeated on subsequens fights 


AZ RELIABILITY 
Many of the same vehiclh enhancements thas in 

create perfarmany (Figure AS! alus increase afi- 
abiliny, Comprehensive fsiture investiga¢awy and 
oartective action follusicg each fature have in 


rested reliability pradicted by the J 1 Duane rely- 


ability growth model from 385) ay 88% sinve INTL - 
wiken our cuneat Praduct Aveuraace progitas: tas 
ittynowecrited. | 


The conservative Duane Rishifiey Grawil Musi 


rai as the cumslanve aumhes af stisgans ut 
cieasis. When meat misses Sotiewen fetes fares 


‘se pleitad on Sago: wale aguune! che curapiative 


Titian fawn, the dats paints [a8 spyrrecuimatehr iss 
@ Saaight line. he iterpacss af the tape af this ine. 
called a. ges a meature uf che geoweh cate olf ite 
prowssiests tit nlatebty ever time fa aud cae, thy 
tugt wiles ef a achicwed is assonvated with porfonm- 
dice Upgrades wl eur uscratianal hunch vehicles. 
The grewtd rate 8 due to aor sigavous future analy 
Sas amd cwrective action system, aad our ficus og 


controlling process failure causes We expect abi s4 
probability of masion success through sur we of 
daly proven hardware of high wherent design reti- 
atubity and proocases thot are controlled und sable. 
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Taide A-i. Summary of AtlasiCertaur operational launch history. 


Date flaaion Vehicle LV Reeults Dete Wissien Venicie LV Rewzks 
1966 1977 
May 26 INTELSAT VA 0s AC-30 Success 
oe ia a vey: aa opine Aug 12 HEAO-A AC-45 Success 
Sept ANAT Sept29 sos INTELSATINA = AC-43._— Alias propuinon 
1967 tele 
Agr i7 Survevor AC-12 «= Succees 1978 
he 14 Suneyor AC-31 Success Jan 6 INTELSAT VA AC-46 = Succmas 
Nov 7 Surveyor AG-i4 | “Bicones thar 31 INTELSAT VA =—«- -AC-48.s Succes 
968 May 20 Proneser Venus AC-SO = Success 
: Jun 29 COMSTAR AC-41 Success 
jant Surveyor AC-15 Success Aug 8 Pioneer Venus = AC-51 Success 
Aug 10 ATS-D AC-17) Centaur and Nov 13 KEAD-B ACS2 Success 
burn faiure 1979 
Dec? OAO-A AS-16 Success May 4 FLTSATCOM AC-6? Success 
1969 Sept 20 KEAO-C AC-53  Succees 
’ 1880 
Fees Mariner Mare AC-20 Success Jani? FLTSATCOM AC-49  Suxcece 
Ma 27 Wanner Mars AC-19 Success Oct 30 FUTSAYCOM AC-57 Success 
Aug 12 ATS AC-18 — Sucoses Dec 6 INTELSAT ¥ AC-S4 Success 
1970 1981 
Nov 30 OA0-8 AC-21 Shroud jetaon Feb 2? COMSTAR AC-42 Success 
teaxe Mey 23 WITELSAT V AC-S6 = Success 
ian Aug § FLTSATCOM AC-S9 Success 
7 Dec 15 INTELSAT Y AC-S5 Success 
= dan 2 WTELSAT IV kO-25 Success 1682 
ot May 8 Mawar tars AG-24 — Cantaur fight ia 4 INTELSAT V AC-58 Success 
’ cone fadure Sept 28 WTELSAT V AC-60 = Succass 
ie May 30 Manner Mars AC-23 Succwss 1983 
. Dee 19 INTELSAT tv AC-26 «© Success May 19 IWTELSAT V AC-61 Success 
1972 tose . 
ren WTELSAT lv acces Jun WYELSAT VA AC-62 caster ey 
Atay 2 Pioneer F AC-27 © Success 1008 beat 
ae, LE ee Cee Mw 220 WYELSATVA = AC63 Sucve 
re? . AC-22  Suocess dun 29 INTELSATYA = AC-64— Succes 
1973 Sept 23 WYELSAT VA ACSS Succmes 
Age 5 Pronese G AC-30 Success 19086 
Wows Mariner ACS = ‘Stoase 1087 _ 
Venus MMercury Me 28 FLTSATCOM ACG? NOW 
. “yore ras ews ee 
» Newt _ WNTELSAT IV AG-32  Sucness Sept 25 FLTSATCOM AC-6@ Sucowas 
1o73 Br 1986 
Feb20- =. WWTELSATV C33 Atlaa electrical or eee aco. eee 
: Seery : 
Nay22 9 WTELSATIV.—AC-35— Succes Ap 18 BSH ROTO Sorege OA 
SeptcS ss WTELSATIMA © AG Sucoman vd a a 
176 Dec? EUTELSAT W AC-102 Success 
- Jari 29 IMTELSAT VA aC-37 = Sucepen 162 
2 May 13 COMSTAR G38 Succes Fob 10 OSCS ty AC-101  Suceses 
- a2 - GOMSTAA 3C-40 0 Success Sieg 33 Galty V AC-72 Success 
PGSEBIOSSS-178 


APPENDIX B ¢ SPACECRAFT DATA REQUIREMENTS 


The items listed in this Appendix are representative 
of the information required for spacecraft integia- 
tion and launch activities. The data usually ts pro- 
vided by the customer in the form of an Interface 
Requirements Document (IRD) and is the basis for 
preparation of the Interface Contrel Decument 
(ICD). Additiona! information may be required for 
specific spacecraft. 
B.1 SPACECRAFT DATA 
Table B-1 indicates the spacecrafi information r- 
quired to assess the compatibility of the spacecraft 
with the Adas. Items in bold should be provided for 
3 prelinanary compatibility assessment while ail 
items should be completed for a detailed assess- 
mnt. This information is typically supplied for the 
spacecraft prior toa propusal being offered by Gen- 
eral Dynamics Coamercial Launch Services. 
Tables B-2 through B-8 indicate spacecraft data 
required after contract signature tw start imegration 
of the spacecraft. The asterisks in these tables iidi- 
vate data required at an initial meeting beiween 
General Dynamics and the customer, This data wil 
provide the detailed information required te fally in- 
tegrate the spacecrafi in order to determine such 
HeMs as Opinii missin Urajectiry as well as to 
venfy cowmpatibiiy of the lauach vehicle environ- 
ments and taterfaces. 
8.2 SPACECRAFT DESIGN REQUIREMENTS 
Table B-9 lists specific requirements that should be 
certified by analysis and/or test by the spacecraft 
agency to be compatible for launch with the Aths. 
Shuuld the spacecraft not meet any of these require- 
menis, General Dynamics will work with the cus- 
tomer to resolve the incompatibility. 
6.3 CAs DATA TRANSFER REQUIREMENTS 
Where the transfer of computer-aided design 
“CAD) information is required or appropriate, the 


B-4 


user must provide that data un accordance with spe- 
cified formats. The following ure the three types of 
data formats that can be useé for the wansfer of 
CAD data to GDSS Computervision CADDSTA- 
TION systems 


1 Cou ision E ‘from CADDSTA- 
TION systems) — Data can be supplied on 1/2-inch 
magnetic tape directly from Computervision 
CADDSTATION systems as single precision data 
bases. The _pd files and drawing files shuuid be 
written to tape with the default blocksize of 312 us- 
ing the tar command syatax as fullows: 


tar cvf /dev/rmit partfiie 


“. 


2. ar ion Format (fem CGOS sys- 
teiis) — Data can be transferred from Computervi- 
sigas CGOS systenis. The &pd files and drawing files 
should be written to 1/2-inch ¥-track magnetic tape 
in VASCIHI fornat with the Fuul copy comnund as 
failows: 


copy partfile :mi/label = ‘partname’ 
3 IGES Kos ystems) ~ 


nat (from wher CAD 3 

Data can be transferred from other CAD systems 
using IGES 4.0 format. Solids should be convert d 
to 3D wireframe and surface citities in the (G1 > 
fie. The maximum number of entities ty the awk! 
should be 65.500, Curves making up bounded plane: 
should be canverted to be independent catities. The 
entities and views in the model should be unblanked. 
Entities should be as clase as possible tw the origin 
of the model coordinate system. Subfigures con- 
tained in the model shoutd be included in the [GES 
file. Critical scuipted surfaces stwuld be accompa- 
vied by a mesh of cheek-puints fying on the surface 
at a minimum density of at beast three paints be- 
iween each patch baundary. The files shuld be wiit- 
ten to Pddnch magnetic tape at 16 BPI 7-bit 
ASCIUL record size of 80, and a black size oF GM The 
tape should be labeled with these parameters. The 
falowing command syatas can be used ftom UNIX 
SySLCMs: 

Ud ifwigesfile uf « ‘devin che = 80 be © 800 
conv = bluck 


hor each of the cases abowe, the spacecraft contrac- 
tay should venfy that the tapes cantaan the correct 
daia by reading the tapes back into the originating 
CAD system prior Wo the tape transauttal. fa add- 


tion, all data transfers should have the following in- 
formation included with the tape. 


e ata format (ASCIL CVASCIL etc.) 
¢ Blocking factor 

¢ Number of records 

» Size of IGES fite fon Kbytes) 

¢ Numbers of tines in IGES file 

* Eniity list with a count of each entity 


* Name and phone number of the computer system 
administrator/operator 

* Name and phone number of contact person if < 
problems or questions arise 

° A multi-view plot of the drawing 


As an alternative to tape transfers, spacecrait 
ceontractoss can electronically transmit the CAD 
data using FTP via the laternet network. 


Table B-1. Spacecraft information worksheet. 


For a praliminary compatibily assessment, ai! items in bold print should be completed. For a delailed compaii- 
baity assessment, au items should be completed. 


Spaces. af Nane. Spacecraft Manufacturer: 

Spacecraft Owner: Spacecraft Model Number. 

Name of Principal Conact: Number of Launches: 

Telephone Number. Oates of Launches: 

Date: 

$} Engieh 

Spacecratt Parameter Units Units 
TRAJECTORY REQUIREMENTS 

1} Mase — *g _— mn 
2) Animum Satedte | Yetime eae ___. Yeats 
3) «Final Gaba Apogee Raa | 
4) Final Orbit Perigee __. km ___ wil 
5) Final Orbit inclination —— degrees _. degrane 
6) Propulsion - propellant type, orb 

¥) Propulsion - propellant 

8) Propulsion - multiple bua caability (V/N) 

¥) = Propuiiion - peopedan use XY —_. Men 
1C) Propulsion - Effeciivs lap nae —. 40 
1) Max.aum Apogee tsa __... mn 
12} Minimum Perigee Allowable ___ km im 
13) Argument of Pariges Rac aw, COE = aT aL 
14) Sight Ascension of na Ascending Node Req ament a 
18) Apagee Accuracy | 3) iy 
16} Partique Accuracy Rag damt cnnne HT cuca, 10TH 
17) wiciation Acawacy ww SHOR = Gageses 
18) pc colp ciety pi Accurccy Requirement nun UFOS = Ee 
16) Right Ascension of tw Aecauisny Node Accuracy Requirement __.. Gagees _ Gagyens 
MESHACECAL, INTERFACE 

20) Spasecral Mechanical Ovawing (Leuteh Contig-wadon) 

af). Spacecran Evective Oierveter aon AW an. ft 

23) Spacecraft Height een ___M 

22) Spacecrey/avch Veticte interface Olanietn a) ann Ht. 

#4) Peyiond Reparation Syater Supper (SIC or 

3) Mex: Cross-sectional ares _.. HY ad 
- 28) Nunoe? and Gize of Pevioed Paling Accaes D2 cane PUT TWH LT 
<7) Precepsiasc i Tareteein Requrahent cane OSS noon OOS 


3a) Curee af f/C-saduced taactrie Meld Raciadon 
. SY Nurrder of inskurnentation Aisiogs Required 
55006319751 Col 


Table B-i. Spacecra?? information worksheet (continued). 


Spacecraft Design Parameter 
THERMAL 
34) Traneport Temperature flange 


43) saefiit Pavicnd Fein Accu 0% anil RieGive 
44) Maximum Free-seam Dynamic Pressure 


§3) Maximum Accelerstion (Static + Oynamic) Lateral 
S54) Maximum Acceleration (Static + re ata 
538) Fundamental Natural Frequency ~ 

Sy €G ecw ase ttle 

~ ( e tanisation mae 

68) CG -Y axis ; 

69) CG-Z axis 


TQ Acoustic ¢ 

7) fiatween Vioretion Chualiicakion Setety Factor 

i Girne Vibration Quiaidicabon Salety Fector 
Shock Qualication Satety Factor 

is Loads Gueldication Safety Fackir 

GSae83-117-2 Gold 


Units 


oOo 
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wei SSSEE 


33 


[| 


[I 
# 
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Tele B-1. Spaceeraft é Jonnation workskeet (continued). 


| Engitets 
Spacecraft Design Parameter Units Unite 
GUIDANCE 
77) Range of Separation Velocty ___ msec __.. eee 
79) Maximum Anguier Rate at Separation ~ Roll __. tpn __ tpn 
79) Maximum Anguiar Rate Uncertainty — Roil a sine 
&)) Maximum Angular Rate at Separation — Pach and Yaw _. om __ pm 
61) Maximum Angular Rate Uncertaimy — Pitch and Yaw ae a 
62) Maximum Angular Acceteration __fadisace __sradi/sac® 
83) Maximum Pointing Error Requixament _.. deg a, 09Y 
68) Maximum Allowable Ty-off Rate __Gag/sec _ cegisec 
£5) Coefficients of brartia — box (x = thrust axis) _. kg me _. Sig fi? 
86) Coefficients of inertia — bo Tolerance 2 kgm __ + shig it 
67) Coefficients of inertia — yy __ kg nr __. Shug fr 
83) Coefficients of Inertia — lyy Tolevanca —.2kgne __ + sagt? 
8S) Coefficients cf inemia — izz _.. Kg nF __ bug fF 
G0) Cosficisnts of ertla — izz Tolerance —_.2kgm _ + sagt 
91) Coefficients of inertia -- by _.. Kg me . Slug fr 
92} Coefficients of inertia — ty Tolerance 2 kgne _ + slug fe 
93) Coutticlents of Inertia — tyz _. KOM _.. Sug fF? 
94) Coeficiente of inertia - lyz Tolevance a. tkgrr _ + slug fh 
85; Coctticionts of inatia — ter yt _.. Slug f? 
$6) Goolficients of inaitia ~ ba Tolerance _.2kgre __ + slugtt 


GS8063-117-2 Dol H 


Table B-2. Mission requiremenis. 


Type cf Dats Scope of Gata é 
* Number of launches 
* Frequency of launches 
* Spzcecratt orbit parameters 1. Apogee altitude 
iNChatiNg tolerances (parn orbit, 2. Pevigee shitude 
transfer ortii) 3. lnciination 
4. Eccentricity 
5. Argument of perigee 
6. RAAN 
Launch window consiraints 
* Preseparation fonction 1. Pre-anm 
2. Asm 


3. Spacecraft equipment depoument timing and constraitts 
4. Accelerabon constraints (pach, yaw, roll} 
5. Aftitude constraints 
6. Spinup requirenave 

* Separation paramatere (including 1. Anguilsr rate of spacecrah 

istavenices) 2. Onentation (pitch, yaw, and rou aig) 
3. Acceleration constraints 

Any specie! Wajectory raquatrunts 1 Boos phase 

2. Coast phase 
3: Free molecular heating constraints 
4. Trarnal maneuvers 
5. Separation over isiemay and tracking ground station 
6. Maximum oF mininut pae'tion drift rele (synctwonous obi) ( 
7. Tetemetty Gipout maneuvers 
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Table B-3. Spacecraft characteristics. 


@ Type of Date Scope of Deta 
“Configuration chasangs 1. Orawings showing te configuration, shape, dimensions and protusikxs into 
He mounting adapter iground launch and Gepioyment configurations) 


2 Coordinaies @pececrait relative to taunch velicie) 

3. Special ciserance requivenents 

1. Manufacturer’s designate 

2 Thrust 

3 Spaciic impulse 

4. Bum action time 

5S Propeiant off-oad bm 

1. Weight - Specify total, sepsrab's and retained mansas 

2 Conte of gravity — Specily in tes orfiogonal coordinaies parsliel to the 
Doodles roll. pitch. and yaw #206, for lotsl, saparable, anc retsined masses 

3. 

4 


Dynamic muxiel for 3-0 tosis anaiyeig «61. Gerveraiized.ccfinens mantis gen Apperwiin C for datas) 
2 Gacreraiized mass nevis 
3. Feecrnticn of ihe model, geometry anc coorcinele syetem 
4. Loads Hanatormation main 
Note: Models snuet inciude figid body and noma) modes 
Spacecral orientation during gound ranapot 
Spacectet handkey Sins (@.¢., SCOsIarERION Consipints) 
Locason aiid Geecton of aigennes Checkout. prelaunch and ord 


. 
& Spacecal crtice! orienwahon dunng 


Safety derne 


ee ee 
n 


@ Location and mune 

Oe eee De Come 
Var- 

¢.  No-fire anit act-ting corer’ tennis 

0. tratailation 9. who, wien, where} 

@ AF suscepitedy (6.9., p0-40-case, Osto-pe. brags wite and ngul 
tequency) 


Clectusiste senediity Gate 

AKM fag termination syste) descigtion 
Spececradt tected cnath model (il auosiabies 
Erion: 


A mn 
Ramigtivity 
Therma? conetraings (fnizimun and ieerresn aiomebie temereture) 
Heal Gereration @ 9. sources, haat, tine of operation 
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Table 8-3. Spacecraft characteristics (continued). 


Tyre of Data Scope of Dats 
Costamination contol Requirements for ground-eupplied services 


1. 

2. in-flight conditions (e.9.. during ascent and afer PLF jettison 

3. Surtace sensitivty (e.g.. susceptibiidy to propellants, 9390s and exhaus! 

BF raciabon 1. Characteristics (0.9., power levels, frequency and duration) for checkout and 
fight configuration 

Locations (e.g. locaton of receivers and spanecrat when radiating) 


Checkout requirements (0... open-loop, closed-loop, prelaunch, ascent 
vajeciory) 


ep 
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Taide 8-4. Aerospace vehicle equipment (AVE) requirements (mechanucal). 


Type of Data Scope of Date 
* Mechanical invetaces 


5. Dagree of erwironenenta conto’ required 


bth aa 0S 16.9.. Quality, Gung and naive Cf Gases vented fon 
pe 

AF Vanepest windows (6 g.. tine. location. ek , of renuired) 

4 F sepivation je0.9., atduce, cleaniowes, SHOCK, aeithwating act avioad 
coretnints) 
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Table B-$. Aerospace vehicle equipment (AVE) requirements (eiectrical). 
Type of Data Scope of Date 
* Power requirements (curert, 28 Vic power 
Overcurrent protection 
Number 


Sequence 
Timing (including duration, tolerance, repetition rai, etc.) 


* Command diacrate signals . 


Current (Nominal and Kéerance) 

When discretes are for EED activation, specify mininum, maximum and 
Operating ternperaiue rage and manufacturer's identdication of Gevice 
Statue cleplays 

Adon signa 

inadverterd seperation destruct 

Ordnance circuits Satefain nquiremanss 

. Quantity of spececral measurements required io be tranenttied by Attias 
telemetry and type (0.9. lemnipersiuve, vibration, preabure, @tc.) Bnd Coalaile 
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Tiare ccore os dred os bb nastalian by tiv oaluoww Civica 

hina accaplable ireyuenicy ni qonee for each Mearenart 

Sena Nees Sone on eene mem erete (one ed tant 
xd by Shia reguicenert) 

Paiod of fight tor which date fon each masaunemend ie cf iterest (2.9. from 

Biel to Space velucie SaparBicGy 

10, Altes feaght ata required ty spacecraft conkaclior 

Boring nkquirenenss ot 2 ketace 

Ahasarial avd ONothes at terface 

Grounding pisiosaphy fog, MA.2-Soerty 
ERC protension phlosanhy for joan peer, Neh oower and Oyoleciec Cross 
Structure (e.g... see of ruck a! 26 gould and curient teres) 

Bieciiow @aniprert (6.9. QrOUNGINg lachrecue for “Diack bosses” and power 


Cf Sexe gw LP 


woe ee 


Sirghe-point Ground (e.g. 1ocakion and relaled equi 
Connecky detass 

Elecite! chacécteriics of signal on each pnt 

Fact conductor 
Conrail - 
Grancing 
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Table B-6. AGE Hactlity requiremenis (mecnanical). 


Type of Data 
Spacecrait launch vehicle integration 


Soaoecrah chackout AGE and 
Cabwtet data 


Spacecra® enveonmental protection 
rehecy 


Space achens siQurereris 


tk 


fs 


Pune ww 


Scope of ets 
Sequence tom spacecraft daivery trough mating wit te LY 


List of at AGE aru localion where uted (e.g., siarage requirements an the 
aunch path 

inetabiehin criteria for AGE terra: 

Size ad weight 


Prosimaty Sotho apaceceh ita.) use 

Period of usage 

Ervconnertal requirements 

Compatiblidy wit) range safety requereniants and LY propellants 
Access space $6 Cabinels required for work area, Coor Swing, siden. 
paneiz, etc. 

Cade entry provisions and tennna) board types in cabeveis ancicv 
eerface receptace locakions ark! types, 

be Foe eee Oe eerie mere Dow ne perce 


Feresange 


-~ 
¢ 


Acones for epabdbcredt rating end checkoes 

Accebe Guring Sareporistion to the Gaunch Gad and erection orm the Akan 

Adcupide Kt bcs and actwerig ceacieee price 1 Rainy WetaHAbOR 

Acted bhi aie SataianON Stake CRON, ez GF OpETWNg and inside rekt 

ACL eee Oz1Ng the Saal countdown, @ any 

AGE raquvements for etttargarkcy ‘arncedl 
Ground sewncing umblicaie by Curction and location in encess of Aden Carder 


Situctute support saquremienie and neiracton mechas ne 
irwentiation (2.9. wher and by whom suprhed arnt imtaliac® 
Coast, propellants, chilled water, fe crypogerics 

Sourde (69 , soececrst of launch vehick) 

Commodiines for pers iiel jag. work shee, Geplas. Ofones) 
Spacecratt quidence aly wnent requirements 


Tabie B-7. AGE/facslity requirements (electrwal). 

Type of Gata Scope of Gate 

Space vehicle electrical conductor Spacecraft sytier s schematic showing ai Connectors required between spacecran 
Gate 


Electical power (AGE andi taciay) 


High-vollage transient suscepiielity 
eae 
wah and dwaction and kne-cf-gavh) 
2 Frequency aud poser Vangimasion 
3 Gparaion 
Catning Any cabling, Gucti:, or conduits fo be instaled on the mobile service tower, Who 
Norns aftd Conwol 1. Specdy which signals fom the spacecral are to be morsiored Gurex) readiness 
arxd countdown and ihe power source: spacecra®, Allg, Centauz. or AGE 


Tranesieeon method (¢.9.. tpacecall TUM, LV TUM, landicw, or launc’y vero 
reacties srwion) 


3. Location of cata evatuation cinder, evbRIStON respOMa ity Mansurerent kinks 
and go'nd-90 consirsinta. identdy where 6 the cpersGona! sequence 
mraaaUTONaNNS are 7 be monicred and evaluated. Spacily haquancy and 
Guration co meceurements 


4 Viied Guigee Churactenehcs of telapaks (¢ avecaiiel for Clogind-lors, whaunch 
Checkout a! te launch pact. Data to wicks locatert and type of inewhane 
Connector is) and chorattenhes of Bora af Boutte. wicking vORage lee! 
cutaut impadance, GIADA Curent hentabon, mani irequancy of cats Waa. 
and a.t0u8 ioading requitemanis 


1 
2. 
2. identty ¢ vaiuns are steady oF peak ioads 
4. 
1 


ied 
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Tye of Dats . Scope of Date | 
* Hardware needs (inciuding Gales) 1 Blecting + 
2 Structural simuiaors 
* 3 Matte au gage 
Wtertace test requirements 1. Sarukura teat 
2 Fete 
3 «Commpattaety tettiryy of wterfaces (inctiona) 
4 EMC danonetraton 
5, U/edacecraf’t RF ictederence test 
& Envwonmental damonairaiion teat 
Launch operators t. Gee Ue es eo en ee 
Hecyche reQuirerterts 


ww 


Rasirictexte fo nthe launcit $80 actiedty Eoutebore, Constants ort unich 

vetucte OperahOns, secUty reQueroments and personnel accesy belaions, and 

sally rece ueons 

4 Specie eequirerents ect as Nantiry) of raciasceve Wing, security, erat 
a0chss cone 


S2ORort nequererne et to clude Gero nel, CoOnmamceaone. ad dake 
seh 


‘ Linshch anal pe reasrernarss te voah Siw dtp munca TRG Gata 
snaiyac, data Sietnbutort, posMtight tectoes 
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Tole B-9. Spacecraft design requirements. 
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APPENDIX C ¢ ANALYSES IN SUPPOKT OF MISSION 
; INTEGRATION 


The followirg analyses aie typicsiiy conducied in 

support of mission integrauon activities. The analy- 

.. $63 pensraily are teo-phased. The preliminary and 

“ {nal analyses are typically scheduled as shown in 
Figure 6-3 of this guide. 


| Cd TRAJECTORY ANALYSIS 


The Atlas trajectory from launch through spacecraft 
injection inte the final mission orbit is designed t 


-amimize the customer's stated mission objectiv: - 


‘Two typical objectives are  marimize spacecrah 
wecight into the desired final orbit or ma'jsi2e of 
criti iifetime for a specified spacecralt weight. 


Ajong with the objective, mission requitemcnts aad 


sions, extreme vehicle dispersions, and guidance 
accuracy. The targeting analysis verifies that the 
guidance program achieves ali the mission require- 
ments throughout the launch opportunities and 
actuss the daily launch windows. Standard vehicle 


_ dispersion analysis demoastrates that the guidance 


algorithms are insensitive ts 3-sigma launch vehicle 


Genersions in that the guidance program compen- 


gates far these disnersions while minimizing orbit 


insertion erregs. The extvesne launch vehicle disper. - 


signs ave abnormal dispersions (¢.g.. 10-sigma) and : 


.. Eallure mades. Those cascs are selected te stress the 


constraints must be clearly est: ‘ished in order to . 


create this eptimuni trajectory design. Typical .- 


spacecraft requirements wciude: 


¢ Telemetry dats requirement: for specific events 


Spacecraft poirting at separation 
Spacecrali roll rates at separaten 


~ tudes 

Manum ucceptable zerodynamic heating rate 
at payload fairing jettison 

Maximum accepiable static acceleration level 
(occurs at bouster package jettison) 

In addition to the spacecraft requirements, all 
trajectory design analyses conser the range safely 
requirements and policies established by the 45h 
SPW. 


€.2 GUIDANCE ANALYSIS 

Analyses are perfowined to demonstrate that the 
guidance and navigation requirements are satisfied. 
é nalyses include tatgetiay, standard vehicle disper- 


| pabilities.. 


-guidanee program and demonstrate that the guid- | 


ane soitwire caps 


pilsties far exceed the vehicle ca- 


~The guidance accuracy analysis combines vehich 


-. dispersions aud guidaece hardware. sad sadtware er- 


Therma! attitude coatroi during cogst phase © — 


Acceptable solar exporuie durations and aiti- 


ror models te evaluate total guidance system injec- 
tion accuracy. Hardware errors wicdel the off- 
nominal effects of ile guidatwe system gyros and ag- 
ceeromuets. Software errers include computation 
errors and vehicle dispersion effects. These vehicle 
dispersivns inciude independent vehicle and atme- 
spheric dispersions that perturd Atlas and Centaur 
performance. ‘This accuracy analysés will include the 
raise, and twist and sway effects on guidance system 
alignment during gyre compassing, a3 weil a5 the co- 
variance errar anaiys's of the guidance hardwate. 


C3 SPACECRAFT SEPARATION ANALYSIS 

Six-degrecsH-freedom simulation of the Centaur/ 
spacecvaft separation event will be performed using 
finalized spacecraft mass properiies tu verify that 
Centaur will sot roountact the spacecraft following 


-Separatic.. system release. This analysis will demon: 


strate clearances, preseparalion rate, separation nu: 


tation, and imomentum pointing using the miniraum 
relative separation velocity of 1.0 ft/sec. This enswtes 
that adequa*e separation distance will be achieved 
before initiating the collision and contamination 
_ avoidance maneuver (CCAM). 


C8 DYNAMIC COUPLED LOADS ANALYSIS 
GDSS performs missioa-peculiar dynamic coupled 
lnads analy..ic to devermine spacecraft loads, deflec- 
tions, and accelerations during Atlas transient flight 
everts, _ 


To calculate spacecraft wads during fight, Gen- 
“eral Dynamics needs a dynamic model of the space- 
craft ang output transformation matrices (OTMs). 
The. spacecraft dynamic model should consist of 
generalized mass and stiffness matrices along with a 
recommended modal damping schedule. The 
desired format is Craig-Brampton, constrained at 
the Centaur interface in terms of spacecraft modal 
courdinates and six (single-point) discrete Centaur 
interiace degices of freedom. The dynamic mode! 
stuwild have an upper frequency cutoff of SO to 6D 
Hz. Te OTMs should be in we form that, wien 
multiplied by the spacecrait modal acceleration or 
displacement time histavies, they will recower the 
desired accelerations, displacemests. or internal 
uads, Que of the OTMs should contain data that 
will akow calculation of lass of clearance between 
the paywad fairing and extreme points on the 
spacecralt. 


The coupled laads analysis are performed in 
wads cycles phased to support spacecraft design 
and test schedules. Typically. the laad eyeles are pre- 
limunary (casly version, design of all components 
may mt be finalized), final (analytical aiodel of com- 
pleted design), and verification (test verified made). 


General Dynamics calculates spacecraft nads for 
thzce events: 1) gust/flight winds (gusts and steady 


state winds at time of maximum dynamic pressure); 
2) BECO/BP) (Atlas boaster engine cutoff/booster 
package jetUson. which also envelupes liftoff), and 3) 
MECO (final upper stage main engine cutoff). Gust/ 
flight wind is a low-frequency event ( < 12 Hz) that 
pivduces maximum loss of clearance between the 
spececraft and payload fairing and high loads near 
the base of the spacecraft primary struciure. BECO/ 
BPJ excites ail frequencies (3 to 40 Hz‘ and produces 
the majority of the maximum loads throughout the 
spacecraft. MECO excites ail frequencies and pro- 
duces the highest twasion (negative axial) loads and 
sometimes maximum toads on secondary structure. 


Spacecraft data recovery is performed with con- 
traclor-provided output transformation matrices. 
Typically, the size of the OTMs are 200-400 rows for 
accelerations, 50-100 rows for disp'acements, and 
300-800 rows for internal loads. The output van con- 
sist of maumuni/minimum response listings, time 
history pins, shock spectrum plots. and mudal par- 
ticipation of maximum responses. Maximum/miti- 
mum listings and time hutery plots of selected 
Tespamises arc the mast commonly desired output. 
Ata Rehnical interchange Meeting carly in the pro- 
grams. the output request can be finalized. 

CS PAVLOAL FAIBING VENTING, JETVISON, 
AND LOSS OF CLEARANCE ANALYSES 
Paylord Guring venung analyses are performed for 
lirst-f-a-kind missions to evaluate and verify that 
spacecraft depressurizations rate requitements are 
met. This aralysis is based on the mission tropeciory 
and spacectalt geometry and volume. 


Verification of payload clearance during payluad 
fairing jetiisan is performed as part of the loss of 
chearance. The effects of thermal preload, discum- 
nect forces, shear pin forces, actuator forces, aid dy- 
namic response are all included in a fully 
three-<dimensional nuntinear analysis. 


C.6 TYPICAL THERMAL ANALYSIS 

New mission requirements, including trajectories, 

timelines, and air conditioning, are examined to de- 

termine if these are compatibie with the spacecraft. 
Typical thermal analysis performed for each new 
payload include: 

1. Pad air conditioning analysis to validate that all 
unique spacecraft requirements (velocity, tem- 
perature range) are met. 

2 Computation of free molecular heating on space- 
craft surfaces normal and parallel to the vebiclh: 
longitudinal axis for the worst-case depressed 
trajectory. 

3. Integrated thermal analysis of the spacecraft and 
Centaur to demonstrate that the prelaunch. as- 
cent, and preflight thermal environments ate 
compatible with the spacecraft’s requirements. 
In addition to these spevific tasks, General Dy- 

namics supplies a nominal level of effort to ensure 

cortect vehicle configuiation, integration support, 
and launch activity support. 

C.7 RF LINK AND COMPATIBILITY ANALYSES 

GDSS analyzes the LV telemetry system, range safe- 

ty command system, and C-band tracking system 

RF links from fauich through spacecraft separation 

to determine adequate link margins.. Analysis will 

be performed for nuounal loited. and depressed 
trajectories for the mission using antenna pattem 

Gata taker: from range testing of one-fourth scale 
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A frequency compatibility analysis is performed 
to demonstrate transmitter/receiver compatibility 
between the Atlas and spacecraft and considers the 
LV C-band tracking system, telemetry transmitters 
and range safety receivers, and space vehicle trans- 
mitters and receivers. Worst-case intentional radi- 
ation impingement on the spacecraft (from the LV) 
and on the LV (from the SC) is addressed under the 
EMC analysis. 

Prelaunca RF links to the spacecraft ground 
checkout facilities are analyzed for the spacecraft to 
determine adequate link margin. Typically. link mar- 
gin analysis is conducted utilizing the standard LV- 
provided reradiating RP system (using antenna 
couplers and tower reradiating antennas). 

C.8 ELECTROMAGNETIC COMPATIBILITY 
The EMC plan defines how compatibitity within At- 
las vehicle and between Atlas and spacecraft and 
ground support equipmeni is achieved. It includes 
system descriptions and tailors EMC specification 
applications, covers electrical bonding/grounding/ 
isolation. wire routing/shieiuing. interference emis- 
shuisysuseepiibility, and shart-dursiion transients 
within the system and at system interfaces. The doc- 
umeni defines EMVEMC testing and analysis pro- 
cesses. Technical operating reports are used to 
document results of system EMC acceptare tests. 
the EMC test plans and provedures. Based en infir- 
mation cantained in all of the foreguing, an EMC 
anulysis is prepared to demonstrate thai design se- 
quirements defined in the ICD are met. 
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